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THE THIRTIETH ANNUAL MEETING, 1924 


HREE DECADES of growth and progress were celebrated at the thirtieth 
Annual Meeting of the AMerIcAN Society oF HEATING AND VENTILATING 
ENGINEERS, held at the Hotel Pennsylvania, New York City, January 22 to 

25. The session, which was the longest ever held, was featured by two events of 
outstanding importance—the approval of the preliminary draft of the Code of 
Minimum Requirements for the Heating and Ventilation of Buildings and the de- 
cision to operate the Research Laboratory under a new set of regulations. The 
revised Code for Testing Low-Pressure Heating Boilers was also adopted, and 
the members unanimously approved the comments of the Committee appointed 
to consider the Report of the New York State Ventilation Commission. 

The business session opened on Tuesday morning, January 22, with Pres. H. P. 
Gant presiding, who outlined briefly the work of the administration during the year. 
This was followed by reports of officers and committees, and the announcements of 
the election of officers as follows: 


President: 

Homer Addams, 47 West 42nd St., New York, N. Y. 
First Vice President: 

8. E. Dibble, Carnegie Institute of Technology, Pittsburgh, Pa. 
Second Vice President: 

William H. Driscoll, 245 Hunters Point Ave., Long Island City, N. Y. 
Treasurer: 

Perry West, 13 Central Ave., Newark, N. J. 
Members of the Council: 


F. Paul Anderson, Research Laboratory, A.S.H. & V.E., Pittsburgh, Pa. 
Willis H. Carrier, 740 Frelinghuysen Ave., Newark, N. J. 
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Section VI. Heating Boiler Capacity...................... J. F. MelIntire 
Section VII. Warm Air Furnace Heating........:......... J. D. Hoffman 
Section VIII. Design of Chimneys and Flues.................. J. R. MeColl 
Section IX. Pipe Sizes for Steam Heating.................. J. A. Donnelly 
Section X. Pipe Sizes for Hot-Water Heating.............. W. S. Timmis 
Section XI. Air Ducts for Ventilation...................... C. A. Booth 
Section XII. Air Washers and Humidifiers.................. W. H. Carrier 
Section XIII. Pumps for Heating Systems...................... Perry West 
Section XIV. Standard Symbols for Drawings................ J. H. Walker 


More than 300 members and guests attended the meeting, including 50 women. 
A reception and informal dance were held in the small ballroom of the Hotel 
Pennsylvania on Tuesday evening. Helen R. Innes, Mrs. C. W. Obert, and Mrs. 
A. A. Kiewitz received the women and the entire New York Chapter Committee 
greeted the men. 

Tea was served for the women guests, in the main dining room of the hotel, on 
Wednesday afternoon. 

A dinner-dance, held in the grand ballroom of the hotel on Thursday evening, 
concluded the social program of the Meeting. H. P. Gant, retiring president, was 
presented with a watch-fob in the form of the Society emblem, set with diamonds, 
in token of the appreciation and esteem of the Society. The music was so good and 
everyone present enjoyed himself so much that dancing was continued until long 
after midnight. 

The New York Chapter was congratulated upon its efficient handling of all 
phases of the meeting and the guests extended to its members a hearty vote of 
thanks and appreciation. 


REPORT OF COMMITTEE TO CONSIDER THE REPORT OF 
NEW YORK STATE COMMISSION ON VENTILATION 


(THE report of the New York State Commission on Ventilation consists of two 

parts. The first being a study of the physiological significance of the various 
factors in ventilation, and the second, a study of the practical results achieved by the 
use of various methods of schoolroom ventilation. 

From the point of view of the engineer the most important contribution which this 
report makes to the science of heating and ventilation is contained in the first part of 
the report. 

It is shown for instance in Chapter [IX that men work much less effectively in a hot 
humid room than in a relatively cool and dry atmosphere. The report shows that men 
accomplish 28 per cent less physical work in a temperature of 86 deg. fahr. with 80 
per cent relative humidity than in a room 68 deg. fahr. with 50 per cent relative humidity. 
Other tests establish the fact beyond question that high temperatures particularly 
when combined with high humidity do reduce the capacity for physical work. On 
the other hand the interesting fact is disclosed in Chapter X that purely mental work 
is only slightly effected by a rise in temperature from 68 deg. to 75 deg. fahr. It is 
probably the capacity for physical work in such a test as typewriting, for example, 
that is effected and not the mentality of the worker. The following is the conclusion 
arrived at after a series of experiments on vitiated air: 

Appetite and Growth. Finally, we found a marked influence exerted 
by stale air upon the appetite for food as determined by serving standard 
lunches to parallel groups of subjects, in stale and fresh air, respectively, 
but with the same temperature and humidity. In the four different series 
of experiments which were successfully completed on this basis without 
the intrusion of interfering factors, the excess of food consumed under 




















XUM 


Tue THIRTIETH ANNUAL MEETING, 1924 5 


fresh air conditions was respectively, 4.4, 6.8, 8.6, and 13.6 percent. Since 
the probable errors involved in these experiments were relatively very 
slight it seems evident that the chemical constituents of vitiated air may 
not only diminish the tendency to do physical work but also the appetite 
for food. 

The scope of the experiments and the number of subjects observed made the work 
off{the Commission unique and add greatly to its value. 

The conclusions in regard to CO, in the report are also valuable. 

Chapter XII deals with the effect of high temperature and humidity on the mucous 
membrane of the nose and throat and shows that heat and particularly moist heat 
produces a red and swollen condition of the mucous membrane and that a large per- 
centage of people working in such conditions develop atrophic rhinitis. 

Part II of the Teport is full of interesting and stimulating observations and suggestions. 
The numerous “‘conclusions’’ seem in some cases prematurely arrived at, but there is 
much excellent material which may well be studied by the ventilating engineer. 


Chapter XXIV is of particular interest as it attempts to show the distribution of 2ir 
to be expected by locating the inlets and outlets for air in different parts of the :vom. 


The greatest disappointment in this gigantic piece of work by the New V ‘k State 
Commission on Ventilation is that practically they have brought us no nearer the 
knowledge of what the fundamentals of ventilation should be. Here was a great 
opportunity to settle disputed theories of long standing. It is true that some side lights 
have been given on a few of the factors of ventilating, but these, for the most part, 
confirm existing beliefs and do not settle, in any way, the various basic requirements in 
ventilation. If this Commission, composed mostly of well known doctors and scientists, 
could have attacked the problem from the standpoint of determining, once for all, the 
exact fundamentals in ventilation, the methods of producing these atmospheric condi- 
tions would most surely follow, for ventilating engineers are able to produce any pre- 
determined atmospheric conditions if they know what these should be. It must be 
remembered, however, that these tests were made prior to 1917. Since that time great 
progress has been made toward establishing factors of ventilation. These standards 
in the last two or three years in particular, are being crystallized into pretty definite 
shape, as the results of the work of other scientific bodies, principally the work in the 
Research Laboratories in Pittsburgh, conducted, jointly, by the AMERICAN SOCIETY 
oF HEATING AND VENTILATING ENGINEERS, United States Bureau of Mines and United 
States Public Health Service. As compared with this work in Pittsburgh, any conclu- 
sions on what constitutes real ventilation as brought out by the tests of the New York 
State Commission on Ventilation, are indefinite and incomplete. 


It is to be regretted that the Commission did not have time or means to carry out 
the program of investigation as originally contemplated. As the report stands the con- 
clusions cover only a portion of the ventilation study at first proposed by the Com- 
mission. 


Though extensive and painstaking were the tests of systems by the Commission in 
New York, they are only, after all, a comparison between window ventilation and the 
mechanical ventilating systems of some New York Schools. Apparently the investi- 
gators have assumed, and without doubt, honestly, that the mechanical ventilating 
systems in the school buildings tested were representative of such systems. This is 
far from true as there are many schools elsewhere in the country which have gone to far 
greater refinement in air conditioning and air distribution than those in which the tests 
were conducted. 


The attempt to make, through the medium of questionably designed systems, com- 
parisons of the broad relative merits of window ventilation and fan ventilation is mis- 
leading and unwarranted. 


Much is said in the report about various factors, particularly high temperature 
and drafts, in mechanically ventilated rooms, the impression being conveyed that these 
are inherent and incurable defects in mechanical systems. Nothing is more erroneous 
in a well designed and operated system, under automatic control. Partial hand con- 
trol is recommended. ‘This amounts to a charge that automatic control systems can- 
not be a complete success. Furthermore, it puts an unwarranted additional burden 
on the teacher. This burden is always present in the window ventilation. If varia- 
tions in temperature, air movement, and even humidity are desirable in schoolroom 
ventilation, these can be taken care of automatically in a mechanical system. But 





; 
; 
F 











6 TRANSACTIONS AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 





first the physiologists must give the curves for these variations. The conclusions 
given on page 468 of the report as to the proper design of a mechanical system do not 
apply generally. The tests on humidification and recirculation outlined in Chapters 
XXV and XXVI, although representing an immense amount of work, are not extensive 
enough to give data upon which definite conclusions can be based. 

There are many questions which can be raised as to the reliability of certain data 
given in the report, as the conclusions reached were dependent upon primary sense 
of the observer or teacher. The anemometer at its best is not an accurate instrument, 
and when placed on the vent screen gives anything but a true reading for air volumes. 

A ventilation standard is the all important subject to the heating and ventilating 
engineer. 

Two principles are at the very foundation of this ventilation progress structure: 

1. No specific apparatus or method should be set forth in defining a 
standard. 

2. The atmospheric conditions desirable should be the all important 
and only consideration. 

Therefore: 

Ventilation perfection is attained when the atmospheric condition in every part of 
a room occupied by human beings is continually maintained with normal amount of 
oxygen and free from dust, bacteria, odors and poisons with suitable air movement 
and at the temperature and humidity quality shown within the comfort zone as de- 
termined by the Research Laboratory of the AMERICAN SocIETY OF HEATING AND 
VENTILATING ENGINEERS. 

The apparatus or method that most nearly causes atmospheric air to meet this 
ventilation perfection or ideal is the most satisfactory. 
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CODE FOR TESTING LOW-PRESSURE STEAM-HEATING 
BOILERS ‘ 


1923 


Object of the Code 


HE object of the Code for Testing Low-Pressure Steam-Heating Boilers is to 
provide a standard method for conducting and reporting tests to determine the 
heat efficiency at various rates of steaming. 


Essentials Necessary to Determine Heat Efficiency 
The essentials necessary to determine the heat efficiency of a steam-heating boiler 
are: 
a. The total heat input. 
(The total heat input is the total heat value of the fuel charged.) 
b. The total heat recovered at the boiler outlet. 


(The total heat recovered at the boiler outlet is the total heat of the steam leaving the boiler 
less the total heat of the feed water entering the boiler.) 


9 
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Preparations for Test 


The boiler shall be erected, covered and connected to conform to the directions and 
practice of the manufacturer. The piping shall be connected in such a way that the 
steam may be carried to a point away from the boiler and it shall be arranged so that the 
condensation cannot flow back to the boiler. 

The moisture in the steam shall be determined by a steam separator, not less than 
95 per cent efficient, placed in the steam delivery pipe as close to the boiler as possible. 
The piping between this separator and the boiler, also the separator itself, shall be thor- 
oughly covered with insulating material. A pipe connected to the bottom of the steam 
separator shall be provided with a positive seal. The water shall be drained from the 
separator hourly and weighed immediately. 

The steam connections between the boiler outlet and the separator shall be the 
same in size and arrangement as that to be used when the boiler is installed. 

The water shall be fed to the boiler continuously from the feed tank through piping 
with all necessary valves, and all other water connections to the boiler shall be carefully 
blanked off. The temperature of the feed water shall be read from a thermometer 
inserted in a cup projecting well into the feed line near the boiler and filled with a heavy 
oil. All boiler water connections, including blow-off pipes, must be exposed to view, 
so that leakages may be observed, and either stopped or measured. The glands of the 
feed pump shall be carefully packed to prevent leakage. 

The boiler shall be connected with a short, direct smoke-pipe to a chimney flue 
of suitable size, height and construction to give proper draft. 

The water spaces of the boiler shall be thoroughly boiled out with a solution of sal 
soda, potassium hydrate or sodium hydrate and then thoroughly rinsed with clean 
water. 

The heating surface, firebox, ashpit, flues and chimney shall be clean and free from 
soot, ashes and dust at beginning of test. 


Apparatus and Instruments 


Apparatus and instruments must be reliable and be arranged in such a way as to 
insure correct data. 

Tanks for measuring the feed water may be calibrated with weighed quantities of 
water at the temperature to be used during the test, or mounted on accurate weighing 
scales. The water may be fed to the boiler by gravity, by air pressure or by feed pumps, 
from feed-water tanks supplied from the measuring tanks by gravity. 

Accurate scales of suitable size shall be provided for weighing separator water, 
fuel and all refuse removed from the grate and ashpit. 

Thrce draft gages shall be provided and so arranged as to determine the pressure 
difference at the level of inserting the pipe between the outside and the ashpit, between 
the outside and the firebox, and the outside and the smokehood. Draft measurements 
shall be made with draft gages reading to 0.01 in. 

Accurately calibrated instruments shall be provided for measuring temperatures 
of gases, water and steam. 

An Orsat apparatus shall be used for determining the flue gas composition. If 
recording carbon dioxide (CO,) instruments are provided, they shall be checked every 
hour with the Orsat apparatus. 
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A Ringelmann chart shall be used for smoke observations. 


Weather Bureau reports from the immediate vicinity may be used to determine the 
barometric pressure. When such reports are not available, a calibrated aneroid barom- 
eter or mercury column shall be used for determining the barometric pressure. 


A calibrated steam gage or a mercury column shall be used for determining the 
steam pressure. 


A log of the test shall be kept on record sheets similar to those provided by this Code. 


Duration of Test 


The test shall continue for at least 16 hours if operated at the normal manufacturer’s 
rating; if operated at other ratings it shall continue until as much fuel has been burned 
as would have been burned in a 16-hour test at normal rating. 


Method of Starting and Stopping Test 


The New Fire Method of starting and stopping test may be used on any boiler 
when anthracite coal is used as fuel. All tests using other fuels shall be started and 
stopped by the Continuous Firing Method. 


New Fire Method. A preliminary fire shall be made and the boiler operated under 
test conditions for at least one hour before starting the test. The preliminary fire 
shall then be dumped, the ashpit thoroughly cleansed and dried wood placed on the 
grate and kindled. The test shall be considered started at the time of firing the charge 
of wood. On this charge of wood, fuel shall be placed. The wood shall be considered 
as having a heating value of 5000 B.t.u. per lb. The height of water line in gage glass 
and feed tank shall be noted and recorded at the time the preliminary fire is dumped. 
The water level in the boiler shall be kept at this level as nearly as possible throughout 
the test and the water level in the boiler and feed tank must stand at this same height 
when the test closes. At the end of test the fire shall be dumped. The residual fire 
when dumped shall be placed in tightly covered cans, weighed and left to cool. After 
cooling it shall be forwarded for analysis and determination of its heat value and ash 
content. The total fuel fired shall be taken as the total weight of fuel exclusive of the 
wood used for kindling, to which shall be added the fuel equivalent of the wood and 
from which shall be subtracted the fuel equivalent of the residual fire. The weight of 
the ash content of the residual fire shall be added to the weight of ash and refuse removed 
from the ashpit and the sum recorded as ash and refuse removed from the ashpit. 

Continuous Firing Method. A preliminary fire shall be made and the boiler oper- 
ated under test conditions for at least one firing period and not less than one hour be- 
fore starting the test. 

The fire shall then be burned low, thoroughly cleansed and the remaining live fuel 
spread evenly over the grate as the foundation for the first test fuel charge. The thick- 
ness of the fuel bed and the extent to which it has been burned through shall be quickly 
estimated or measured. The height of water line in gage glass and feed tank shall be 
noted and recorded. The test shall start at the time of making these observations. 
A weighed charge of fuel shall then be fired. The ashpit shall be thoroughly cleansed 
immediately and the test allowed to proceed. 
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A constant water level and rate of steaming shall be maintained throughout the 
test. 

At the end of the test the fire should be burned low and cleansed so as to leave 
the same amount of live fuel on the grate as at the start. When this condition is 
reached and the water level in the boiler and feed tank are at the same height as at the 
start, record the time and this time shall be the time of stopping. The contents of the 
ashpit shall be removed promptly on stopping and placed in airtight cans, weighed and 
left to cool. The boiler shall be charged with all fuel charged during test. 


Method of Firing 


The method and frequency of firing shall be as agreed upon by the manufacturer 
and purchaser. 
Fuel Sampling 


During the progress of the test, fair samples at regular intervals shall be taken 
with a shovel from the fuel charge, stored in a covered vessel.in a cool place, and after 
crushing and quartering, two one-pint glass jars or other airtight vessels shall be filled. 
The gross sample for slack coal and small sizes of anthracite in which the impurities do 
not exist in abnormal quantities or in pieces larger than */, in., should weigh approx- 
imately 500 Ib. and not less than 1000 Ib. for other solid fuels.* 


The small samples shall be preserved for determinations of the proximate analysis, 
ultimate analysis and calorific value. 


The refuse taken from the ashpit and grate shall be reduced by crushing and quarter- 
ing to a quantity sufficient to fill two one-pint jars or other airtight vessels for deter- 
mining its combustible content in the laboratory. Care must be taken to crush and 
quarter the coal, ash, and refuse on a clean floor; to avoid contaminating the sample 
a metal plate is to be preferred to a concrete floor. Care must be taken to see that the 
ash and refuse does not burn after removal from the grate or ashpit. 


STANDARD FORM 


For Reporting Results of Low-Pressure Steam-Heating Boiler Tests 


RESULTS 


Of a Test on a Low-Pressure Boiler 


siggy dk sapthcaves Nairn diese esas hs hed ce ne We BA a ect 
ES ETE EEE CETTE CTE ET EE TS Rr Tea 
ag Sid ae a du gga Gtk Were e a acme a hovel ena eactia (signature) 
Ee rice eredeinekeedaeeekeahes eb ebasegeeee 
pdt esis c ca binka we ate eeb bh weke naa dae.edddgaee mie 
EEE PE EE eR TE EE EE ET ETT ET 
ETT LRA PA ERNE FT RAL PP OE Le TOE 


1 As recommended by the American Society for Testing Materials, D21-16, page 756, 1921. 

These forms may be obtained on request at the office of the Secretary of the AMERICAN SocIETY oF 
HEATING AND VENTILATING ENGINEERS, 20 West 39th Street, New York City, at the nominal cost of 
pee ae per copy. 

The Committee on Code for Testing Low-Pressure Heating Boilers of the AMERICAN Society oF 
HEATING AND VENTILATING ENGINEERS is prepared to interpret the meaning of any items on the Code, 
- It is requested that all tests be filed with the American Society oF HEATING AND VENTILATING 
INGINEERS. 
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GENERAL PARTICULARS OF BOILER AND FUEL 


BOILER 
| ee OE ey EE Ee TR Ie LTE a ee PEL ek 
OO Pe ee ee Pe POLE ee eee ne Ip er ees oe 
alt ORE OO DMI 65.555.05 sco cccreacnss sc adcmaeaanisicannas ausesiaaawe in 
5.55.5 sees Sich: Bains! «we oie hab Baa RID aaa awe Go 9:9 area ale eR in 
Fuel Capacity (Greatest Possible Volume)............ccccccccsccccccccsccces cu. ft. 
Maximum Fuel Depth (Greatest Possible Depth of Fuel).....................45- in. 
I 5 io ag dim 0 aca lgarcia eed Gamerrotmin Kg SSK datas iw ee vielen cu. ft. 
IN aca as A Dy res a aed aks rick sa sos ent oe ia PRINT GER TT in. 
Average Distance from Top of Normal Fuel Charge to Crown Sheet............... in. 
Total Furnace Volume, Grate to Crown Sheet and Bridge Wall................ cu. ft. 
Total Combustion Space Beyond Bridge Wall.................. cc cc eeeeecees cu. ft. 
ee Se Ca WE BIN 5 o.oo kek eee ces savesiccedseneedsscdwwesened Ib. 
Ree Mee I Soe gon uc os ne ioa ane ae we de whe Seen eMac Nes aan in. 
Sinai Connttinns Cand Number EEE OPE TMT RT ET TE Pe ee 
OEE Ey EEE eT FEET Tre in 
Ns aa gana a, 6:5 50:6. fincas ave OLA Ao ORG ia ine a ome homing Se oo 
IN 5c 5 oa 3a, ye Kee Add be AMEE Rvleeee Dea CEO mere in 
Sn I I. sss 005-01 arorka i ko 4 Senet oe mime pila warcies a aan eee 


SMOKE PIPE AND CHIMNEY 


TE Pe Le OE PE A Ot ge ee ee TE sq. in. 
Length of Smoke Pipe (Boiler to Chimmey)..........cccccccccscccceccccccccesce in. 
Womiber and Kind of Bends in Saackee Pine... oc cicicccccccccccccoccccccccece 
eI I II No 55. oe .cig wrk hia wd awa Os Amid be Shae Skew ft. 
I I Io .6,5,0.-<.5 65.0 -0ig-b od awe © plese aime dane vasia ol ac dveainie waco Ke sq. ft. 
GN, MN To hinic ccd cina necks camara pe wu densa dunn edeemutewannon sq. ft. 
FUEL 

Ee eT Ee TR en ne er ee ee ree Te er 
| EO Eee ee ee ee Ee ere me Ne Re Sen eA OR a ee 


PROXIMATE ANALYSIS 


Moisture 

As fired free 
pee err WG: «. ebaaesix © S-tdesean 
Volatile Matter......... ME... ackddnas <aenebow’ 
Fined Carbott..osccccces DM kbasaese:  wkenwans 
Bissidesaaxesnennten WE kacktccas  seeceeas 

ULTIMATE ANALYSIS 

Moisture 

As fired free 
ER ree ee ,  kgegue. mw obaeen 
ina c'cis aa wares Pe §  gsceceas  adaeenns 
MRS 5.6.0: 05:05 0066s rm .  Kecessex  ahaneees 
PR sad naencs ware i <acenkes . seawaawa 
Ee Te ree re ae ee 
ee ee re a er eee 
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HEaT VALUE (Gross) 


an gcacalk ceed Re HW peed bedi phE Sad apAe OS Hea eR eaeemes ne eeeee 
IL nhs: 5 5, wy. che bl hace Sri mirada ebaaN a aa SLe eR GN REECE 
ETE CLE Pe rN Te Ee PETE Oe 


CHARACTER OF FUEL 


(State whether coking or free-burning, clinker troubles, etc.) 


METaOD OF FIRING 


PRINCIPAL RESULTS OF TEST 


Heat recovered at the boiler outlet per hour.................ccceeeees 1000 B.t.u. 
Maker’s rating (sq. ft. radiation XK 240)...........cccccccececs 1000 B.t.u. per hr. 
Pescentage of maker's rating developed. ...........cccccccccccccccccccccess per cent 
ee See I II FI oo oio.ciec cc ccucceconsdacdacbecdeedaosonon hours 
Mean interval between attention of any kind to the fire, including charging...... hours 
ee i rncepe vcs b ae Weds de ccwawdehes Haba eee eeaAee per cent 


DETAILED RESULTS OF TEST 


(For full particulars of boiler and fuel see ‘general particulars” ante) 


GENERAL INFORMATION 


Se REPRE Se Tonia Meena ete rome re Te fe ome ONE ae 
ie I ahs 654 53d snk AMA ES end are re ede Rie oe w ee Sawneeloie 
I sn Saw ala nan desis eat sa mewulene catmudinde ec enaaee eee eens 
ee oo aca dual didi aig due mie weve a uase-4 OR wiaekon Ome 
es Ss pack od Kul edad hn WE hak SERA T ROa eas 
6 aso: Sr anna Gaon AL ad chip wd Re ee eae eee noe 
i og dhe a aids eh ae oad eck oe ba OMe ee awa meee hr. 
eT OO BE OE FI onic ck ccicececvcsecnvccauans sq. ft. radiation! 
Se Near dd eee aa cede eRae Bhd Oe bedO0eke 8b40088 eaweeuet es sq. ft. 
ECOL FE LEE PON LOTT MA in. of mercury 


1 One sq. ft. radiation to be assumed equal to 240 B.t.u. per hr. 
7 If the grate has an unusual shape, method of computing area must be stated under “Remarks."’ 
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FUEL 
ee, ee PI so 0'0ns nn cne Socata anne cbom teks onan eee B.t.u. per Ib. 
12. Number of Times Fuel Charge during Test................cccceccecceccecces 
13. Intervals between Charging, hrs. Longest...... Shortest...... Average...... 
14. Intervals between Attention of any Kind to the Fire, including firing, hr. 
Longest...... Shortest...... Average...... 

i. a a Fs hi svitdiicccciarecciadacaad sacuatccasanaees Ib. 
Be. I A a A ne Oe ii oo isikvikn ads ehncdcdencivagssectsvecatacedon 

I ck Si 5 ii 5 assist cag ar cain peck iene aad a in. 
es, I i Ne BS 6s sins Sno pdckdsdnccasaedvecadoossracaweee in. 
Oe a on on ahv he ces devad aud bmepanadande cys in. 
sa I I 5565.5 5k Gr duaesnrar aidtavanaen bla eebiudgeta tasks obese EONS Ib. 
i _ Ree ere ie oe oe te oe en er ae ee per cent 
21. Weight Fired per Hour less Moisture :* 

100—item20 

— Ne TR RE EPR STR: Ib. 
ASH AND REFUSE 
22. Weight of Ash and Refuse Removed from Grate...............ccccecceceees Ib 
23. Weight of Ash and Refuse Removed from Ashpit..................0eeceeeee lb. 
24. Total Weight of Ash and Refuse Removed’ 

UI > sora ie ale ke eg a ee a Ib. 
25. Total Ash and Refuse, Percentage of Fuel as Fired...............c.ccceeeceees 
es. Ge Bi Ie I Fo oink sche scecadocccbsescasseccnbas per cent 
‘TEMPERATURE 
le, IN oi hada aa cianaicasaalark asglslea\oaie aA Ga Sa ace deg. fahr. 
EE SE EOC FEE ne oe SPLOT ee re Rare deg. fahr. 
Se NE IE is 0. 3,050 .o nee ccdeusesdsink oan uae ones aanneee deg. fahr. 
EE OE CLE EES FEES TIT, POM OE te OE deg. fahr. 
Wed. ER aka ceniicitwrdsc akadacaedanaale wen oamdbaemasiestiascan deg. fahr. 
DrarFt INTENSITY 
ee INES 56.6.5. thn ninesdisvmnare eateg aie uudinm ood ead aon eachara eect in. water 
i M6 5. 5.4. cc'es aio Sadie aeididelemneeore gabe Rae Saha ce aa ee ae in. water 
Sl. ME RS 55 :054. 04 dS Ned OGRE RESORT aaa eae in. water 
OuTPUT 
35. Equivalent evaporation from and at 212 deg. fahr. per hr. of test.............. Ib. 
36. Equivalent evaporation from and at 212 deg. fahr. per Ib. of dry coal fired. ..... Ib. 
37. Heat Recovered at the Outlet per hour (item 35 X 0.97)............. 1000 B.t.u. 
STEAM AND WATER 
Ge. I I I ii. ad acts kid del eS Awd we miele slaioke Ib. per sq. in. 
Se. “Teeth What Wn Gee Wainer Gaara Te in. ain vin nso cccccncccdecdccccccaccece Ib. 
40. Priming: Total Water Removed from Separator, 

POE CIEE BONE ON WIE ea ciccccanssesstacccuwenessacced per cent 


* When the New fire Method is used the equivalent fuel charged shall be given throughout. 
The method of obtaining this is shown at the end of this table. 

4 See page 11. 

* To include ash content of residual fire when New Fire Method is used. 
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HEAT BALANCE 


Per Ib. Per cent heat 
fuel as fired in fuel fired 
41.6 Heat to steam leaving outlet (and thermal 
efficiency boiler, furnace and grate)....  .......0.. 0 seuccecees 
42. Heat lost by hot flue gases, exclusive of steam...  .......... 000 we uececees 
43. Heat lost by not burning carbon monoxide..... .......... 000 cee euecees 
i ee I I, cocci cakecs accccecccs.  dacswacces 
45. Heat lost by combustible in ash and refuse..... .......... 0 ce neevcecs 
Nee ee ee cece dek: “boeanaee —eaeakeMaaan 
ie, I I i cctecens -ceccueeacs <aamocene 
48. Total, items 41, 42, 43, 44, 45 46, 47 and 
calorific value of dry fuel............. ccccccccee 100 


ADDITIONAL ITEMS, FOR USE ONLY WITH NEW FIRE METHOD OF 











STARTING 
Fue. Usep 
OE I io iin ss pieciemedtanmenen ced aaisawa a paee bees Ib. 
ey) i acces be eaRed Ae eKe Kee Kdee es eeeeneeeae B.t.u. per Ib. 
Cee FOE A EO TEE oe Frey Ib. 
ee. ee WN OO, kc ca decadnenenddemanciesieaamanscnaind B.t.u. per Ib. 
it 
eee) peer |.) re Ib. 
item 11 
54. Total fuel fired during test (exclusive of wood)..............ccccee eee cecces Ib. 
55. Total equivalent fuel charged during test (item 53 + item 54)............... Ib. 
it 2 
56. Fuel value of residual fire | item 51 : a Ib. 
item 11 
57. Equivalent fuel used during test (item 55—item 56, this value 
ee I gs rend cos bdbdsaotceswewsknsnheadecras anes Ib. 
AsH AND REFUSE 
ey ee ee i i, sc sae dow awe aaeeneesee es e@eee per cent 
59. Total ash content of residual fire: 
item 58 
i nD, ccs cea tecnica edhe ad odes eee aaa eunea Ib. 
(: em x 100 ) 
60. Total ash and refuse removed from ashpit............cccccccccecccccvccees Ib. 
61. Equivalent ash and refuse removed from ashpit (item 59 + item 60, 
this is the value to be used for iter 23)............cccececeecececes lb. 


*Item 41. Heat to “steam,” includes the heat used to raise the water removed from the separator 
from the feed water temperature to the steam temperature. 
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LOG SHEET NO. 1 
GENERAL SHEET 


EEE PLE Eee 


PR onidens0icssesensecsuasassce Pe Bis s0ciedacbeseete 


Time General Notes 


(Here will be recorded the method and times of starting and stopping, the 
method of firing, the difficulties encountered with ash and clinker, the times of 
cleaning, slicing and raking the fire, the caking and other properties of the coal, 
the manipulation of the dampers, etc.) 
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LOG SHEET NO. 2 

Ey cncthaerescetvenesdseeneces WB ciskccdseessns 
Fue, ASH AND REFUSE 

Detailed Record of Coal Fired During Test 








‘ f Quantity fired, Ib. Fired in 
by Net interval, Total fired, Ib. 
Tare Gross Ib. 


























Detailed Record of Ash and Refuse Removed 





Time of Quantity removed from grate Quantity removed from ashpit 
removal 





Tare Gross Net Tare Gross Net 























Special observations for new fire method of starting: 


ee ee I Ie Fae Boi 0:0 8 5060 ho Feb ned eehanctesdecccrdsivaneensos Ib. 
ee Te ee Pe re Ib. 
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LOG SHEET NO. 3 
MNS 66ick kiddie oe eee Test Meow scs anes eee 


Observations of Feed Water, Pressures, and Temperatures 






































Feed water, Ib. Separator water Ib. Boiler 
Time _ oo 
Gross Tare Net Gross Tare Net sq. io 
. 
Draft, in. water Boiler Feed Flue gas 
room water temp. 
Below Above At temp. temp. deg. fahr, 
grate grate smokehood deg. fahr. deg. fahr. 




















Boiler gage correction 

Thermometer corrections 

Barometer: At start At finish 
Correction not allowed for on sheet 
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THE ECONOMICAL UTILIZATION OF HEAT FROM 
CENTRAL STATION PLANTS 


By N. W. Catvgert (MeMpBmr) AND J. E. Serrer (NonN-MemBmR) 


DETROIT, MICH. 


sequent increase in consumers’ rates for heat supply have directed the 

attention of district heating engineers to the need of improved design and 
more intelligent operation of the consumer’s heating system. That there has been 
room for some improvement in this direction has always been evident, but the great 
possibilities of economy have only recently been realized. The authors have re- 
peatedly witnessed reductions in heat consumption by improved operation of from 
25 to 35 per cent, while in one case a consumer’s bills were reduced 72 per cent 
without discomfort to the occupants of the building. Savings of this magnitude 
would be possible in many other buildings had certain principles been followed in 
the original design of the system. 

The operation of a steam heating system! supplied from a central plant is funda- 
mentally different in several respects from the operation of an isolated plant and 
system. In the case of an isolated plant, the variation in the amount of heat fur- 
nished to a building depends almost entirely on the rate of firing the boiler, whereas 
with central station heat, there being an unlimited supply, the amount of heat used 
depends entirely on the method of operation. While this unlimited supply lends 
a marked flexibility of operation, it also presents a great possibility of waste, inas- 
much as with the isolated boiler a positive act, such as putting on fuel or opening 
drafts, is necessary to maintain the supply of heat, thus increasing the cost of 
heating; whereas with central heat the positive act is required to cut off the heat 
supply, thereby reducing the heating cost. This difference may be exemplified 
by assuming a building being heated and no attention paid to it. If it is served 
from an isolated plant the fire soon dies and the expense practically ceases, but if it 
is using central heat, as long as the supply valve is left open, the expense con- 
tinues. 

With an isolated plant the complete utilization of the B.t.u. content of the steam 
is not essential because the condensate returns to the boiler at a high temperature 
and less fuel is required to make it into steam again. With central heat, however, 
complete utilization is essential for economy, as the consumer must pay for every 


T's great increases in operating costs during the past decade and the con- 


1 All of the data and statements in this paper apply to steam heating. 
Presented at the Annual Meeting of the AmERICAN SocrETy OF HEATING AND VENTILATING ENGI- 
NEERS, New York, N. Y., January, 1924. 
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B.t.u. which is put into the steam and consequently suffers considerable loss if 10 
to 15 per cent of the total heat content of the steam is sent to the sewer with the 
condensate. 

Naturally the greatest saving by proper operation is to be expected during the 
periods when demand for heat is light, such as mild weather periods, night hours 
and times when the building is unoccupied. The fixed losses under light load 
and no load conditions are much less with central heat than with an isolated plant. 
A slight economy is sometimes effected by varying pressure conditions on the 
heating system and central service lends itself more readily to pressure variation 
than an isolated plant. 
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Fic. 1. Curves SHowinc Rate or CooLinc or BumLpING INVESTIGATED 


The two methods of supply, then, present different problems. In general 
these problems divide themselves into two classes, first, as to proper control of 
heat supply, and second, as to the efficient use of heat. With the above men- 
tioned basic differences in mind, investigations have been conducted by central 
heating engineers to ascertain the best methods of design and operation of systems 
supplied with central heat. These investigations, however, have brought to 
light many facts which apply to either method of supply. 


Shutting Off Steam at Night 


As has been mentioned, the greatest economy is effected by shutting off steam 
entirely, especially during the night when the majority of buildings are unoccupied. 
Inasmuch as the rate of heat transmission from a building is dependent on the 
differential temperature between the interior and exterior, it is evident that when 
the interior temperature is reduced heat will not be given up by the building as 
rapidly as if a high temperature is maintained. In buildings where steam is left 
on during the night, the interior temperature frequently increases and consequently 
the loss by transmission through the building walls increases. Investigations have 
been made of the rate of cooling of various buildings. Fig. 1 shows cooling curves 
plotted for one building investigated.? The average building cools very slowly and 





* These curves were plotted from actual tests but have been shifted slightly for the sake of clear- 
ness 60 that they coincide during the middle of the day. 














10 
he 


he 


ad 
it. 
he 


on 


ral 
of 
n- 
ral 
ms 


im 


we 


he 


eft 
tly 
ve 
es 


nd 


ar- 








EconoMIcaL UTILIZATION OF HEAT, CALVERT AND SEITER 23 


it is possible by a knowledge of the rate of cooling to utilize, during the period in 
which the building is occupied, a large proportion of the heat put into the building. 
Referring to Fig. 1, for instance, it is evident that steam might be shut off in this 
office building an hour or two before closing time without making the building 
uncomfortable for the occupants, inasmuch as in the coldest weather during the 
test the rate of temperature drop was only 5 deg. in 3hr. Fig. 2 shows the saving 
effected in daily steam consumption by shutting off during night hours. 

It should be noted here, however, that a building must have sufficient radiation 
to heat up readily in the morning, as instances have been found where buildings 


Outside temp., 
°fahr. 


Steam consumption, 100 Ib. per hr. 





A.M. TIME P.M. A.M. TIME P.M. 
Type of we Pg og bldg. 
Radiation—5865 sq. ft. 
Steam consumption for day—29,170 Ib. Steam consumption for day—15,000 Ib. 
Mean outside temperature—31 deg. fahr. Mean outside on ae a TY deg. fahr. 
Mean wind velocity—W. 18.2 Mean wind velocity—N. 11 


Fic. 2. Loap CurvE SHOWING SAVINGS PossIBLE BY SHUTTING OFF AT NIGHT 


with insufficient radiation required steam on all night in order to have a suitable 
temperature during business hours, with consequently increased steam bills. 
Excessive radiation, on the other hand, also increases the consumption by overheat- 
ing the building and necessitating the opening of windows. 


Shutting Off Steam During the Day 


The weather during a heating season might be divided into three classes, mild, 
cold and extremely cold. The last named generally constitutes only 5 to 10 per 
cent of the entire heating season, and inasmuch as the heating system is designed 
to care for extreme conditions, it is logical that some adequate means of control 
should be provided for use during the periods when these extreme conditions do 
not exist. In many buildings the heat can be entirely shut off during ordinary 
weather for many hours of the day as well as at night. Fig. 3 shows savings 
effected by turning on and off steam at intermittent periods during the day in a 
large department store without creating an uncomfortable temperature. This 
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saving is especially interesting when the necessity for adequate heat in such a 
building is considered. 


Installation of a 24-Hour Main 


A condition frequently met is that in which, on account of incorrect design of 
the heating system for central heat, it is necessary to heat the entire building 
or at any rate a large portion of it for 24 hours a day, because heat is required in one 
small part of it. This condition is especially true in hotels and clubs, where a 
lobby must be heated at all times. The same condition exists in office buildings 
where a small cigar store or an all night restaurant is located. There are also many 
buildings where the steam for the sprinkler tank is taken directly from the heating 
system which, therefore, cannot be shut off without endangering the fire equipment. 
There are garages with a small office to be heated at times when the garage proper 
needs no heat. Many similar cases could be cited. 
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Fic. 3. Loap Curves SHOWING SAVINGS POSSIBLE BY INTERMITTENT OPERATION 


The remedy for such cases is a separate main run from the service point to the 
part of the building requiring continuous service. Many Detroit buildings are now 
being equipped with a 24-hour main which may supply steam to the sprinkler system 
toilet rooms, in order to protect the plumbing, and any other parts of the building 
which may have unusual heating requirements. The balance of the heating system 
may be shut off at all times when the building in general is unoccupied with a 
resultant economy in operation. Fig. 4 is a diagram of the layout of such a 24- 
hour main serving in this particular building the sprinkler system, elevator shafts, 
toilet rooms, lobby and telephone operators’ room which are occupied at all times. 
This main is also designed to take care of the building restaurant requirements and 
therefore is used during summer months. Needless to say, this arrangement should 
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be planned when the building is laid out and the rooms requiring continuous ser- 
vice should be kept as close together as possible. Fig. 5 is an example of the 
saving effected by the use of a 24-hour main, which was installed in an office build- 
ing to heat the lobby for the night watchman and to heat water for the janitors. 
This installation, costing about $200, is making a saving of approximately $500 
per month in cold weather. 


Accessibility of Valves 


Separate lines and separate valves for operating different parts of a heating system 
independently according to their demand for heat simplify economical operation, 
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Fic. 4. Dracram oF 24-Hour SERVICE MAIN 


but to make them most successful they must be conveniently located and easy 
to handle. The operating engineer, no matter how ambitious, will not run from 
one part of the building to another, closing valves here and there, just to save a 
little money for someone else. Therefore the installation of valves should be such 
as to require a minimum amount of time and effort for operation. 


Remote Controlled Valves 


In many buildings having a number of central heat consumers, each with a sep- 
arate heating system, the service enters the basement of one store and is distributed 
from a header to the various other consumers. Naturally it is frequently impossible 
to give all the consumers access to the basement where the header is located. In 
such cases, remote controlled valves can be used to advantage. These are of two 
types, first, those consisting of a quick-opening valve with a chain or cable for 
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operating, and second, those which are operated electrically. The first class, using 
chain or cable, works quite satisfactorily for short and straight distances but the 
use of pulleys for turns in the line is generally a source of trouble. Good results 
have been obtained by the use of bell cranks in place of pulleys. The second class, 
electrically operated, has been worked out successfully by the use of a thermostat 
motor controlled by a small double-throw switch instead of the thermostat. 


Thermostatic Control 


In a final analysis, proper temperature control at all times is the key to economical 
operation of a central heating system. The simplest form of control is that effected 
by manual operation of valves as has been described. There are also numerous 
devices on the market for mechanical control of building temperatures. For small 
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Fic. 5. Loap Curves SHOWING SAVINGS PossIBLE BY MEANS OF 24-HouR MAIN 


buildings the unit thermostat method, in which the steam supply for the”entire 
building is controlled by a single thermostat, is very satisfactory, especially with 
time attachment for lowering the temperature maintained during periods when 
the building is unoccupied. Fig. 6 shows characteristic operation and saving 
effected by unit thermostat control. Some manufacturers of thermostats claim 
that large buildings are being operated satisfactorily with unit control. While 
this method may not be impossible for large buildings, it is easy to conceive con- 
ditions under which satisfactory control might be difficult. 

In the larger buildings the ordinary method of individual control is most de- 
sirable in which a number of thermostats are installed in the building, each ther- 
mostat operating one or more radiators. However, with individual thermostat 
control using the “positive’-type thermostat in which the controlled valve is 
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either wide open or tightly closed, perfect temperature regulation is difficult. 
When the temperature of the room reaches that set on the thermostat, the valve 
on the radiator closes. This radiator is still full of steam and the large weight of 
metal in the radiator itself is at a temperature between 212 and 230 deg. fahr. 
and continues to radiate heat to the room. The occupant, becoming too warm, 
opens the window, thus cooling off the room sufficiently to cause the thermostat 
to open the radiator valve again. 

An intermediate type thermostat, which will open the radiator valve only 
to a degree required by the need for heat in the room, is much to be preferred, but 
the present commercial arrangements are not suitable. A very slight lift of an 
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Outside tem 
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Steam consumption, 100 Ib. 
per hr 
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Mean outside a a ay deg. fahr. Mean outside temperature—28 deg. fahr. 
Mean wind velocity—W. 21.2 Mean wind velocity—W. 16.3. 


Fic. 6. Loap CurvES SHOWING SAVINGS PossIBLE BY “UNIT”? THERMOSTATIC 
OPERATION 


ordinary size radiator valve is sufficient to fill a large radiator with steam, and the 
system then acts the same as with the “positive” thermostat. In one building 
under the authors’ observation in Detroit, orifice sleeves were installed in the radia- 
tor valves to restrict the flow of steam to the radiator and these, in conjunction 
with intermediate type thermostats, give good temperature regulation. 


Vacuum Systems 


The installation of a vacuum pump on a heating system using central service 
is a desirable feature from the standpoint of economy of operation. One of the 
greatest assets of a vacuum system is the positive removal of air which guarantees 
quick circulation. This insures even distribution of heat throughout the building 
and permits the building to be brought up to the desired temperature in a minimum 
time after it has been allowed to cool down. The rapid heating of a building makes 
it possible to keep steam shut off for longer periods of time. Aside from these 
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features it has been demonstrated by tests on several buildings in Detroit, that 
there is a decided saving effected by the use of vacuum pumps because of the in- 
creased flexibility of the system. In a straight steam system the temperature 
of the radiation cannot be varied to any great extent and usually the only means 
of temperature control is by operating the radiator valves, which is seldom done, 
and consequently the building is overheated much of the time. By the use of a 
vacuum system it is possible to vary the temperature of the steam in the radiators 
considerably, thereby varying the rate of heat transfer. The possible variation 
may be at least 30 per cent from 230 deg. fahr., corresponding to a steam pressure 
of 6 lb. to 170 deg. fahr., corresponding to a vacuum of 17 in. 


To secure economy by the use of a vacuum system, proper maintenance of the 
system is absolutely essential. The system should never be allowed to get in such 
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Fic. 7. CHART SHOWING VARIATIONS IN STEAM CONSUMPTION FOR VARIOUS PRESSURES 
AND VACUUMS AT REDUCING VALVE 


a condition as to make jet water necessary to condense steam and vapor in the re- 
turn lines. Jet water is very undesirable and is unnecessary in a properly main- 
tained system. 

If the building engineer avails himself of the opportunity afforded by a vacuum 
system to regulate the temperature of the steam by varying the pressure, a consider- 
able saving can be effected. The distribution mains of a heating system are usually 
in the attic or basement spaces which require little or no heat. Even though the 
piping is covered with ordinary covering there still is considerable heat loss from 
these mains. Reducing the temperature of the steam by varying the pressure 
reduces this loss. With a vacuum system considerably greater pressure drops 
through the system are possible with a low initial pressure and the size of the piping 
may be reduced, thus cutting down the cost of the installation and the radiating 
surface of the piping. 

A vacuum system has some disadvantages which may be cited. The initial 
cost is greater than some other systems; it needs more attention than open systems; 
the maintenance cost is higher; and the desirability of duplicate pumps requires 
more floor space. Results of investigations seem to show, however, that these 
objections are of minor importance. 
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Complete tests to determine the economy effected by vacuum systems were 
conducted on two buildings, one having 6400 sq. ft. equivalent direct radiation 
and the other 40,000 sq. ft. The tests consisted of operating under pressure and 
vacuum conditions for alternate weeks throughout the heating season and obsert- 
ing results. The heating systems in both buildings are vacuum return and are 
equipped with thermostatic traps on the radiators and riser drips. When operated 
under a vacuum the reducing valve on the steam supply was set so as to maintain 
a pressure below atmosphere in the radiators and piping. In the smaller building, 
the vacuum pump was installed recently and a comparison of the steam consump- 
tion before and after is possible. 


Total consumption, Oct. 1, 1921 to May 1, 1922 (before 

das stdncnedndednnesdadigsdneiankanien 3,642,505 Ib. 
Total consumption, Oct. 1, 1922 to May 1, 1923 (after 

installation) corrected to temperatures for 1921-22.... 3,297,500 Ib. 


Saving in 7 months operation with vacuum............. 345,000 Ib. 
POTN DART WE TAIN so. 5.0.05: tiosi vie RES Koss 86% 50,000 Ib. 
Estimated total saving for season, 8 months............ 395,000 Ib. 
Estimated saving in dollars, with steam at $1.00 per 1000 

Pnsindne 6b exescnbienetendcegenaadamebstnéehedc $395.00 
Total actual cost of pump and piping installed.......... $658.00 


These results are self explanatory, and the saving is very evident. 


The larger building has individual thermostat control. The equipment in the 
large general office rooms is of the positive type in which the radiator valve is 
either wide open or closed. In the private offices the thermostats operate modulat- 
ing valves permitting the radiators to heat fractionally. The results of the tests 
in the larger building are shown in Fig. 7. The points shown are averages for 
periods of about five days each. Some difficulty was encountered due to the wide 
variation in outside temperature in holding a constant pressure over extended 
periods. If the weather became very mild during a period scheduled for operation 
with pressure above atmosphere, or if it became exceptionally cold during a period 
scheduled for operation with vacuum, it was practically impossible to maintain 
proper building temperature without varying the pressure. For this reason there 
are no points available for the curve between 1 Ib. pressure and 4 in. vacuum as on 
the days when the system was being operated at these points the test was inter- 
rupted. 


One objection advanced to vacuum systems was that due to the pressure differ- 
ential at the thermostatic trap, vapor would be allowed to pass into the return 
lines. Recording gages were installed to check the differential pressure and leak- 
age was carefully watched for, but no appreciable amount of vapor was noted at 
high vacuums. No cold water jets were used nor were necessary to maintain a 
high vacuum. No vapor was ever noticed at the meter. The drop across the trap 
can be as low as desired. In Fig. 8 is shown diagrammatically the pressure drop 
through a vacuum system. The upper curve shows the condition with 5 lb. pres- 
sure at the reducing valve and 12 in. vacuum atthe pump. The middle curve has 
atmospheric pressure at the reducing valve and 12 in. vacuum at the pump. The 
lower curve, having a 10 in. vacuum at the reducing valve and 12 in. vacuum at 
the pump, is typical of the conditions under which the tests which have been de- 
scribed were run, and statements made as to savings possible apply only to these or 
similar conditions where a pressure below atmospheric is maintained at the re- 
ducing valve. 
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Tests on a number of other buildings showed an average saving of about 28 
per cent effected by variation of steam temperature by means of a vacuum pump. 

Incidentally the marked savings obtained by variation of radiator temperature 
by control from one central point directs attention to the merits of the hot-water 
heating system in which a wide range of radiator temperatures is possible. It is 
quite possible that the better regulation and consequent economy of the hot-water 
system may overbalance the greater first cost as compared with a steam system. 


Building Details for Efficient Heating 


In the construction of the building itself many features may be incorporated 
which may simplify economical operation. Insulating materials may be used in 
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Fic. 8. PrkessuRE DISTRIBUTION OF VACUUM HEATING SYSTEM WITH VARIOUS 
PRESSURES AT THE REDUCING VALVE 


the walls and roof. Window and door frames should be made as tight as possible 
and weather strips installed, if necessary. Revolving doors to counteract the stack 
effect of large buildings are a worth while investment. Automatic doors on ga- 
rages and similar buildings have shown decided savings by actual test. The ad- 
vantages of these details of construction are generally known but they are seldom 
installed purely for benefit to the heating system. This is a deplorable fact as the 
heating requirements should be taken into more serious consideration in the design 
of a building. However, the more immediate problem of the heating engineer is 
the design of the heating system itself. 

Salvaging Heat in Condensate. The heat of the liquid constitutes about 15 per 
cent of the total heat of the steam used for heating buildings and there is little of 
it given up by the condensation in most types of heating systems. In many central 
heating systems where the condensate is not returned to the boiler plant but is 
permitted to go to the sewer before this heat is extracted, a considerable waste 
occurs. To utilize a portion of this otherwise wasted heat the installation of some 
sort of economizer is very desirable. These economizers are divided into several 
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classes according to their construction and use as indirect air heating, direct air 
heating and water heating economizers. 

Indirect Air Heating Economizer. The indirect air heating economizer is usually 
installed as shown in Fig. 9. It consists of a coil enclosed in a sheet metal box in 
the basement with a register in floor leading to the room above. The air inlet is 
arranged to take air from the basement or from outside. While this type of econ- 
omizer is quite efficient, the cost of installation is rather high in proportion to the 
economy effected. 

Direct Air Heating Economizer. During the past two years experiments have 
been conducted on a direct air heating economizer installed as shown in Fig. 10. 
The application of this particular economizer, however, is limited to heating sys- 
tems having sufficient pressure in the return lines to raise the condensate to the 
economizer. A similar arrangement can be used in places where a basement room 
is to be heated and, as it necessitates no lift, can be installed on any type of system. 
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Fic.9. Dr1aGRaM oF INDIRECT ECONOMIZER INSTALLATION 


An economizer as shown in Fig. 10 having 60 sq. ft. of surface was installed in a 
building having 545 sq. ft. of radiation. Test data showed that condensate entered 
the radiator at 175 deg. fahr. and discharging at 110 deg. fahr. and that 9300 B.t.u. 
were salvaged per average day (outside temperature 38 deg.). This would represent 
an annual saving of 25,000 lb. of steam, or at $1.00 per thousand, $25. The cost 
of the installation approximates $75. 

Water Heating Economizer. The majority of buildings use hot water in sufficient 
quantities to warrant the installation of a storage tank containing adequate heat- 
ing surface so that by passing the condensate through this tank, the heat may be 
transferred to the water. Such an installation constitutes the water-heating 
economizer. 

In the selection of an economizer, obviously the variation in the heat available 
in the condensate, the water requirements, the amount of heating surface, the 
amount of storage capacity, the actual return on the investment, and the proper 
piping layout must be considered. 

The recommended method of installation of a water heating economizer is shown 
in Fig. 11. Alive steam booster is placed above the economizer so as to heat the 
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water to the temperature required throughout the building. This temperature is 
regulated by a thermostatic valve on the steam main. The returns from this 
heater also pass through the economizer. The cold water enters the bottom of the 
economizer and is heated by the condensate. This tempered water leaves the top 
of the economizer and passes through the booster into the system. If recirculat- 
ing lines are installed on the hot-water system they should be connected to the 
bottom of the booster and not the economizer, otherwise the storage in the econo- 
mizer will be filled with hot water heated by the booster and the effectiveness of 
the economizer impaired. 


Detailed tests were made on such an economizer. In Fig. 12 is plotted per- 
formance of the economizer against daily steam consumption in the building. By 
performance is meant the ratio of the heat transfer in the economizer to total heat 
in the condensate above 32 deg. fahr. This curve shows that with a given amount 







| 
} erre 


To semce 





Fic. 10. Layout oF Drrect Air HEATING ECONOMIZER 


of heating surface the effectiveness of the economizer in removing the heat from 
the condensate continually decreases as the steam consumption increases. 


Fig. 13 shows the value of the heat salvaged had this particular economizer 
been installed in buildings using various amounts of steam. It can readily be seen 
that the value of heat salvaged increases very rapidly as the steam consumption 
increases until the limit of the economizer is reached. After this limit is reached, 
the value of heat salvaged increases much more slowly in proportion to increase 
in heating requirements. 


The characteristic curves of this economizer showed very clearly that there is 
some particular size of economizer which will show the highest return upon the 
investment. From the data obtained it was possible to compute the most eco- 
nomical amount of heating surface to be installed in economizers used on systems 
having various heating requirements. The results of these computations are shown 
by the upper curve on Fig. 14. 


From a study of the water temperature entering and leaving the economizer, 
it was seen that during the periods of little water flow, heat was given up to and 
stored in the tank. This study also showed that the storage capacity of the econo- 
mizer tested could be increased because the cooling of the condensate gradually 
diminished during a period of high condensation flow and low water flow. Just 
what the storage capacity should be is difficult to estimate, but with the ratio of 
1 to 3 of storage capacity to hot water consumption per day, as in this particular 
economizer, there is a great saving on the investment and this is a safe ratio. 
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In Fig. 14 are plotted, in addition to the heating surface, the value of heat sal- 
vaged, annual cost of hot water equipment chargeable to the economizer and 
savings effected. The savings possible are governed by the relation of heating 
surface to condensate flow and storage capacity. The storage tank, piping and 
labor are the expensive parts of any economizer installation, and additional heating 
surface does not increase the total cost of the installation materially. For ready 
reference Table 1 has been prepared from Fig. 14. The savings shown are over 
and above the annual cost of the economizer which is figured as 20 per cent of the 
initial cost—a very liberal assumption. 

These investigations show that a water heating economizer is a paying investment 
on any size heating system if there is sufficient hot water demand to utilize some of 
the available heat in the condensate, and if the temperature of the returns is not 
too low due to the use of atmospheric or vapor systems. However, care must be 
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Fic. 11. Merruop oF INSTALLING WATER HEATING ECONOMIZER 


taken to provide ample heating surface and storage capacity in order to have an 
efficient system. 


Atmospheric and Vapor Systems 


In connection with the subject of salvaging heat from the condensate, atmos- 
pheric and vapor systems and installation of radiator traps are to be commended, 
as they eliminate steam from return lines and discharge the condensate to the sewer 
at alow temperature. The installation of modulating valves such as are generally 
used on atmospheric and vapor systems, however, does not seem to be of any par- 
ticular advantage. While the valves are all right theoretically, an inspection of 
several hundred such valves on an average winter day disclosed 45 per cent wide 
open, 50 per cent closed and only 5 per cent partially open. In other words, in 
only about 5 per cent of the cases did the occupants actually take advantage of 
the regulating feature of the valve. The buildings investigated were stores and 
office buildings. 


Data on Heat Consumption 


In the course of the investigations conducted in connection with economical 
utilization of heat much valuable data of a general nature has been compiled. 
Fig. 15 shows the variation by months of steam consumption in Detroit by all 
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Fic. 12. CHart SHOWING PERFORMANCE OF ECONOMIZER 
Note: Performance—Ratio of heat transferred to total heat in condemsate above 32 deg. fahr. 


classes of customers for various outside temperatures. Note that this is a straight 
line, showing that the consumption varies directly with the difference between 
inside and outside temperatures. It is an interesting point that the 1922 figures 
all fall below the line, as it was in 1921-22 when an intensive educational campaign 
was undertaken. 


As the curve in Fig. 15 is a general average for all types and sizes of buildings, 
factors were computed from a study of 173 Detroit buildings, each having over 
4000 sq. ft. of radiation. These factors take into consideration the required in- 
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Steam consumption per year, 1,000,000 Ib. 
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Fic. 13. CHartT SHOWING VALUE oF SALVAGED HEaT FOR SAME SIZE ECONOMIZER 
INSTALLED IN BUILDINGS WITH VARIOUS STEAM CONSUMPTIONS 


Note: Value of heat salvaged computed with steam at $1.00 per 1000 Ib. 
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side temperatures and hours of use for various types of buildings. To estimate the 
probable steam consumption in any particular building the reading on Fig. 15 
should be multiplied by the factor for buildings of its type as given in Table 2. 
The proportions of total annual consumption in Detroit for each month is as 
follows: October—7 per cent, November—12 per cent; December—16 per cent; 
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Fic. 14. CHART SHOWING ANNUAL Costs OF EcoNoMIZERS, GIVING VALUES OF HEAT SALVAGED 


January—18 per cent; February—18 per cent; March—15 per cent; April—9 
per cent; May—5 per cent. It must be borne in mind, however, that the figures 
shown apply to conditions in Detroit and will vary for other cities. 

Examples of savings made in Detroit buildings of various types are shown in 
Table 3. The actual consumption with economical operation is corrected to tem- 
perature of period of average operation. 





a ne Pap ne 








36 








TRANSACTIONS AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 


TABLE 1. Economies PossIBLE IN SALVAGING HEAT By USE oF ECONOMIZERS 























Radiation Heating Annual cost Value of heat ‘ 
Steam con- sq. ft. (est. surface | of econ., dollars | salvaged, dollars, | Saving per 
sumption per 600 Ib., yr. in econ., (est. 20% steam cost $1.00 | year, dollars 
year, Ib. sq. ft.) sq. ft. total cost) per 1000 Ib. net 

100,000 170 a 7.00 8.00 1.00 
200,000 330 6 14.00 15.00 1.00 
300,000 500 8 21.00 22.00 1.00 
500,000 830 12 34.00 37.00 3.00 
750,000 1250 14 37.00 54.00 17.00 
1,000,000 1670 15 39.00 69 .00 30.00 
1,500,600 2500 25 50.00 115.00 65.00 
2,000,000 3330 36 65.00 150.00 85.00 
3,000,000 5000 60 98.00 228.00 130.00 
5,000,000 8330 100 164.00 382.00 218.00 
7,000,000 13330 150 200.00 570.00 370.00 
10,000,000 16670 200 257 .00 762.00 505.00 
15,000,000 25000 250 320.00 1168.00 848.00 
20,000,000 33330 385 510.00 1480.00 970.00 
25,000,000 41670 410 530.00 1870.00 1340.00 
30,000,000 50000 525 680.00 2170.00 1490.00 
35,000,000 58330 700 925.00 2650.00 1725.00 
40,000,000 66670 775 1020.00 3020.00 2000.00 
45,000,000 75000 812 1115.00 3360.00 2245.00 
50,000,000 83330 900 1200.00 3680 .00 2480.00 


TABLE 2. FAcrors TO BE APPLIED TO STEAM CONSUMPTION CURVE FOR VARIOUS TYPES 
OF BUILDINGS 





Garages 
Wholesale Houses 
Printing Houses 


Office Buildings............ 


School Buildings 


Loft Buildings 
Clubs 


NS SS .snx dom and acne 
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Average of 13 buildings 
Average of 4 buildings 
Average of 4 buildings 
Average of 3 buildings 
Average of 6 buildings 
Average of 34 buildings 
Average of 4 buildings 
Auto Sales and Service Bldgs. Average of 4 buildings 
Average of 6 buildings 
Average of 5 buildings 
Average of 29 buildings 
Average of 4 buildings 
Average of 9 buildings 
Average of 13 buildings 
Average of 6 buildings 
Average of 3 buildings 


et et et et 





In the nineteen cases shown in Table 3, the average saving was 31.3 per cent. 
As these examples were selected almost at random the possibilities for economy 
in the average building are quite evident. 


Summary 


In summing up the subject of economical utilization of central station heat, 
the following fundamentals are tabulated: 
Installation of sufficient and properly placed radiation 
Shutting off for maximum possible time at night and during day 


Proper temperature control 


1 
2. 
3. Salvaging the heat in the condensate 
4 
5 


Reduction of transmission loss. 
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If the factors mentioned are given proper consideration in the design and operation 
of the heating system, maximum comfort at a minimum cost is practically assured. 


140 
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Steam consumption per month per sq. ft. of 
radiation, lb. 


Mean outside temperatures, deg. fahr. 





Fic. 15. Sa.es or STEAM PER SQUARE Foot oF RADIATION PER MONTH FOR VARIOUS 
OUTSIDE TEMPERATURES, CORRECTED TO A 30-Day MonTH 


TABLE 3. EXAMPLES OF SAVINGS EFFECTED BY ECONOMICAL OPERATION 





Building 


Average Consumption per Day, Lb. 








M. W. Enrtuicu: 


heating, showing savings around 28 per cent. 














Redintion negation a... Seves 

Office Bldg. No. 1 17600 53746 42546 20.9 
Office Bldg. No. 2 15300 44309 39300 11.3 
Office Bldg. No. 3 10200 56400 31577 44.0 
Store Bldg. No. 1 1990 4986 3874 22.3 
Store Bldg. No. 2 77600 185150 82625 55.4 
Store Bldg. No. 3 8740 21325 9660 54.7 
Store Bldg. No. 4 2580 7267 4340 40.3 
Store Bldg. No. 5 5600 16967 11467 32.4 
. Church No. 1 1150 4963 3150 36.5 
Church No. 2 11410 8010 5930 25.9 
Theatre 13750 13176 11180 15.1 
Club Bldg. 2893 6142 * 3992 35.0 
Auto Sales and Service Bldg. 1175 6618 3683 44.4 
Apartment Bldg. 1834 8767 7171 18.2 
Garage 14700 49767 39477 20.7 
Public Bldg. 53500 68529 54531 20.4 
Bank Bldg. 21555 45323 29918 33.8 
School 9160 29705 21955 26.0 
Warehouse 5920 21130 13330 36.8 

DISCUSSION 


I am particularly interested in the statement on vacuum 
However, there are some points 


on which one should have more information to interpret the data presented. For 


instance, there is no initial pressure noted on the supply end. 


If it is assumed 
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that most central stations operate above atmosphere on the supply mains, then 
it would be interesting to know how they obtain such high minus pressure or vacuum 
at the reducing valve, from a high-pressure supply, and keep it so close as indicated. 


The question of proper radiation was emphasized, and an interesting point to be 
considered is what transmission values are considered correct for the right amount 
of radiation. 


Thermostatic traps leaking steam, in some cases due to pressure drop, was a 
point mentioned. Such leakage would mostly be due to re-evaporating when dis- 
charging from the higher pressure vacuum condition. With a proper relation of 
pressure on the inlet and vacuum on the other end, also a good working trap, 
noticeable leakage would not occur. 


It would be interesting to learn how the 17 in. of vacuum are maintained on the 
return end, and also if the returns go back in a return main going to the power 
house, or if they are discharged into the sewer. 


G. B. Nicuots: It is surprising to learn that within one year or possibly two 
what an outgrowth of central heating plants there has been. In New York progress 
in this particular line has been rather slow. As an illustration, there is one central 
heating plant company in New York City, operating two plants. The great office 
center at the present time is not tapped in any way by a central heating plant, which 
is the greatest opportunity of its kind in the country. The Middle West is building 
plants all over and is far ahead in this work. 


In no time during the building periods of this country have opportunities of this 
kind seemed so advantageous. For instance, at Jackson Heights a suburb of New 
York City where there are approximately 2000 apartment houses built under one 
management, all with individual plants, a greater opportunity could not have been 
offered for building central heating plants. Realization of the advantages of such 
a plant is just beginning to dawn, and there is one under construction at 181st St. 
where 15 apartment houses will all be heated by a central hot water system with cen- 
tral refrigeration. There is no question that the apartment tenants are wasteful of 
heating service, and anything that can encourage that is bound to produce these 
central heating plants. 


J. R. McCouu: I would like to ask Mr. Calvert or Mr. Seiter if they would 
recommend a design of the radiation on one side of the building, for instance, the 
windward or northern side, to be separately controlled from the radiation on some 
other side or in courts, so that the radiation in these various parts of the buildings 
can be shut off at different periods. That is a matter of particular interest to 
designers. Then I would like to ask what would be their recommendations as 
to periods of operation in a plant where the heating is done by hot water heated 
by central steam. Could the temperature of the water be controlled, and therefore 
the temperature of the building, say for 24 consecutive hours, or would inter- 
mittent service be better? 


This is one of the most valuable papers presented before the Society in many 
years and the authors are to be congratulated on their fine work. 


H. M. Hart: I could not understand how the condensation from this receiver 
went through the economizer when they had a pressure on, and when they didn’t 
have a pressure on it automatically went out through the float trap. Even when 
the pressure was on, I could not understand why it would not go through the float 
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trap. Perhaps there are some valves that ought to be put in there, and are not 
shown in the illustration, Fig. 10. 


W. T. Jones: One of the objections in shutting off steam is that it tends to de- 
velop leaks in the system. Would the authors explain whether leakage would have 
any effect and to what extent the continuous shutting off the heat would tend to 
cause leaks and expensive repairs? 


H. M. Hart: In trying to maintain high vacuum condition throughout a system 
of some size it has been found that very often there is not sufficient volume of 
steam to fill the entire system and the tail ends of the system would be without 
steam when the nearer portions to the source of supply would be comfortably 
heated. 


HELEN R. Innes: Is there much variation in building temperatures during 
hours of occupancy with the intermittent operation? When some pressures are 
dropped during hours of occupancy, is there noticeable effects in the temperatures 
of the rooms? 


N. W. Catvert: The question was asked, how we get a vacuum down to 17 
in. and probably about 10 in. at the pressure-reducing valve. With the pumps 
that we use very good vacuums can be obtained and in some cases difficulty is met 
with in trying to control the pressure-reducing valves closely enough, and in that 
case, throttle valves have been installed, which are used in conjunction with the 
pressure-reducing valves. Incidently, it might be stated that the distribution 
pressure on our lines is in the neighborhood of 25 to 30 1b. Regarding the question 
of the drop in pressure through the thermostatic traps, the experiments presented 
have involved a vacuum throughout the entire system with a very small differential 
if any, across the radiator trap. Concerning the discharge of the returns, in most 
of the heating systems the returns are being discharged directly to the sewer, 
and that is what makes the question of economy a very vital factor. 


M. W. Exruicu: We should know the transmission valves referred to that would 
be considered as giving the proper amount of radiation; in other words, as the whole 
subject of economy depends largely upon the proper amount of radiation, there 
must be some transmission factor that would pretty nearly indicate the right 
amount. 


N. W. Catvert: The exact figures are not at hand, but in the slides shown, 
having the theoretical curve worked out, the points on that theoretical curve were 
taken from the book by Webster on Steam Heat, giving the varying rates of trans- 
mission for the different temperature differentials. The particular point to be 
shown here is that the actual test points fall very close to the theoretical line as 
given in the table. Another question was whether the design of heating systems 
should be modified for intermittent operation, such as separately controlling 
different parts of the building. The answer is decidedly affirmative. For instance, 
a nineteen story office building has an overhead supply for the greater part of the 
building and has a basement supply for the first and perhaps second floor, and the 
risers are all valved separately. The engineer on the job has some long-distance 
indicating thermometers which he can read at his desk in the engine room and 
find out the temperature in any part of the building. If he learns that due to a cold 
wind one side of the building is cold, or because of the effect of the sun another side 
of the building is unusually warm, he has some of the risers on the affected side 
shut off and by that means he accomplishes a very great economy. 
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In reply to the question of periods of operation for hot-water, our work has 
covered only work on hot-water systems heated from a central station. It would 
seem that the economical way of operating such a system would be the same, as is 
used in operating a district hot-water system, and that is varying the temperature 
of the water in some way, to conform with the outdoor temperature. 

In connection with vacuum heating this vacuum need not be pulled on a building 
at all times but the engineer should work out a scale whereby he can vary his condi- 
tions of pressure and vacuum to take care of outdoor conditions. It is not necessary 
to design a system that will operate with 17 in. of vacuum and give adequate heat in 
zero weather, but with a pressure system that is designed with vacuum returns, it 
is possible to pull a vacuum on that system in mild weather, thereby reducing the 
temperature of the radiation and effecting considerable economy. 

Answering the question about this peculiar economizer, no valves are needed for 
operation other than those shown in the illustration, but for further elucidation, 
when the pressure is insufficient to raise the water up to the economizer, the separa- 
tor or receiver fills to a level with the lower part of the pipe and it overflows. 

Concerning leakage caused by the shutting off and turning on of steam, that 
problem has never come to our attention before. So far as is known, there has 
never been any amount of leakage from that cause. The question of the volume of 
steam being reduced to a very small amount at the end of the lines resolves itself 
into a question of proper pipe sizes. 

About the variation in temperatures in hotel buildings with intermittent opera- 
tion, if the buildings are apartment hotels and bachelor quarters unoccupied during 
the day there is no necessity of keeping them at a high temperature. The method 
of operation used is that steam is turned on about 5 o’clock in the morning, and 
after the building is vacated about 8:30 or 9 o’clock, the steam is shut off and left 
off as long as possible without endangering the plumbing or causing too much dis- 
comfort to the people who are working in the building. If the inside temperature 
gets too low, steam is turned on for an hour or so and then shut off again. About 
4 o’clock in the afternoon the heat is turned on again and left thus until 10 or 11 at 
night, at which time it is shut off, and the building will probably remain comfortable 
until the majority of occupants have retired. 
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AN IMPROVED METHOD OF DETERMINING THE 
HEAT TRANSFER THROUGH WALL, 
FLOOR, AND ROOF SECTIONS 


By R. F. Norris!, H. H. Germonp? anp C. M. Turrie’, Mapison, W1s. 


NON-MEMBERS 


N determining the thermal conductivity of a material, the general method has 
been to measure the amount of heat supplied to a body per unit time. This 
body is surrounded by the insulator under test which in turn is surrounded by 
a cold body. The temperature drop across the insulator is measured. Then if 
the flow of heat is uniform throughout the insulator, 7. e., if equal amounts of heat 
flow across the insulator per unit area, the thermal conductivity K equals the total 
heat input per unit time divided by the product of the temperature drop across 
the insulator and the total area of the insulator under test. 
Qd 
* ~ (Tn — Te) At 
sq. ft. for 1 in. thickness. 

Where Q = heat input in B.t.u. 

T, = temperature in fahr. degrees of hot surface 
T. = temperature in fahr. degrees of cold surface 
A = area of insulator in square feet 

d thickness of material in inches 

t = time in hours 

The conditions prescribed are most nearly fulfilled when the insulator is in the 
form of a spherical shell of large diameter in proportion to the thickness of the 
shell. Obviously, this form can be used only for certain types of loose materials; 
it has been successfully employed by Nusselt in determining the thermal conduc- 
tivities of asbestos, kiesulguhr, ete. 

In the case where the heat flow is not uniform across all portions of the insulator, 
but where the distribution on the heat flow may be accurately determined (by ex- 
periment or calculated) the conductivity may be likewise determined by making 
the same measurements as before. 

The Bureau of Standards has outlined a method of testing insulators of medium 


= conductivity in B.t.u. per hour per deg. fahr. per 


1-9-4 Research Engineers, C. F. Burgess Laboratories. 
Presented at the Annual Meeting of the AMERICAN Socrsty oF H&ATING AND VENTILATING 
ENoineERs, New York, N. Y., January 1924. 
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thickness. Two samples of the same size and thickness are placed on either side 
of a flat heating unit and the whole is placed between two waterbacks. The 
heating unit is divided into an inner square and an outer guard ring. The cur- 
rent through the guard ring is enough larger than that in the central square to 
compensate for edge losses. The electrical input per unit area to the inner square 
is measured and the temperature difference is determined by means of thermocouples 
(used in conjunction with a potentiometer). (TRANsactions, Vol. 26, 1920, p. 566.) 

There are many difficulties in the application of any of these methods to deter- 
mine the thermal conductivities of walls. The possibility of using any wall sec- 
tion other than flat is obviously out of the question, thus precluding the use of many 
of the methods so far outlined. The method used by the Bureau of Standards on 
insulating material is not readily applicable to the testing of walls, since for a wall 
section small enough to permit of easy handling, the edge loss is far from inap- 
preciable. Furthermore, it is desirable to have only one wall under test instead 
of two. 


Method Developed in Burgess Laboratories 

When there is uniform heat flow through a material in a direction perpendicular 
to its surfaces, the conductivity is given by the equation: 
— a 
(T; — T2) At : 
Where Q = heat input in B.t.u.; d = thickness; 7; = temperature hot face; 
T: = temperature cold face; A = area;¢ = time in hours. 


K = 


A material which has a constant conductivity may be used as a “heat meter” 
or thermal ‘“wattmeter” once its conductivity has been accurately determined. 
Thus, if a piece of that material of thickness d and of fairly large area be placed 
between a hot reservoir and a cold reservoir, then the rate of heat flow (after equi- 
librium has obtained) is: 

Q = 8 Met = B.t.u. per hour per sq. ft. 
At d 

If this material of known conductivity K, be placed face to face with a material 
of unknown conductivity K.z and placed between two surfaces which are main- 
tained at different constant temperatures, K. may be determined by observation 
of three temperatures (or two temperature differences) only. 


Let 


hn 
I 


temperature at surface against known material 
T2 = temperature at surface between known and unknown material 
T; = temperature at surface against unknown material. 








@ x a @ 
Then _ K. (1: — T:) = 4 
ns. Q, dz a Q: d. 
=" (1, — 73) At At (12 — Ts) 
a (T; — T2) dz ,, 
~ (T: — 13) d. we 
Therefore 
K, ogring et, 2 x. 


(T2 — 7;)d. ds 
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In the case of walls, the conductivity is stated for the thickness of the wall rather 
than for a unit thickness, and the above equation becomes: 


_T,-—T: Ke 
" " T2— Ts ds 


This method may be likened to placing a known and an unknown resistance in 
series in an electrical circuit and determining the unknown resistance by compar- 
ing the voltage drops across both. 

This method obviates the need of any measurement of the input to the heating 
unit. The next step is either to compensate for, or else eliminate the edge loss. 

Experiments have shown that it is possible to calculate the edge loss fairly 
closely for known conditions of edge insulation, average temperature difference be- 
tween wall and air, etc. However, as these edge losses may amount at times to 
over a third of the total heat entering one face of the wall, such method might 
be open to considerable criticism. 

By placing a standard thermal resistance (i.e., a flat material of predetermined 
conductivity) on each side, the heat flowing into the wall and the heat out on the 
other side are both measured and the edge loss is directly determined as the differ- 
ence between the input and output. 

The edge loss can be reduced considerably by packing suitable insulating material 
around the edges, but the edge loss will not be reduced to zero even when a con- 
siderable bulk of edge insulation is used. Since the problem is to prevent the wall 
section losing heat along its edges, and since it appears impracticable entirely to 
prevent heat from flowing through the insulation, the logical answer appears to be 
to provide something other than the wall to supply this heat. This is accomplished 
by setting the wall section in a guard ring—an electrically heated frame extending 
around the four edges of the wall section. After a little practice it is possible 
so to adjust the input to the guard ring that the heat flow intensities through 
the two standard thermal resistances are practically the same. 


Q ry Ky 
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Let a = At da (T; = T2) 
Q> Ra 
@ = 4, = 3 (%— Td 
> Mm + qe 1 
Then Kuau = 2 (—T» 
When Sn = Ee let them both equal K, 
ds dso 
s _ (1 —7T) +(%— TT) , 
Katt = 9 (Ts ses Ts) K.. 
The arithmetic mean of (7, — 72) and (7's; — T,) is taken to accommodate any 


Qi + Qe 
2 





small difference which may exist between two valves; is thus taken as the 


mean heat-flow intensity through the -wall. 

Description of Apparatus Used. The illustration shows (Fig. 1) a cross section 
through the apparatus used. 

The apparatus is housed in a box about 18 in. deep, 36 in. long, 26 in. high, 
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the top and one end of the box being hinged to permit of easier access. The box is 
lined with a number of layers of Balsam wool to reduce the heat loss as much as is 
practicable. 

A large flat electrical heating unit A is placed at the back of the box. In front of 
this and close against it, is placed the first heat meter B (described elsewhere). 
A flat thermometer C composed of fine insulated copper wire fastened to one 
surface of a piece of micanite (12 x 18 in.) is placed concentric with the heat meter, 



























































z 
J 
A Main heating unit G Waterback 
B “Heat Meter” H Guard ring 
C Thermometer giving temperature of plaster I Blanket insulation of balsam wool 
side of wall : J Back and bottom of apparatus (wood) 
D Standard wall section L_ Hinged cover 
E Thermometer giving temperature of outside M Clamp, to insure good thermal contact be- 


of wall tween parts 
F Second heat meter 


Fic. 1. Cross-SECTION OF APPARATUS FOR THE DETERMINATION OF THE THERMAL 
CONDUCTIVITY OF WALLS, FLoors 


and with its “wire side’’ next to the wall section which is then set in place as shown. 
The wall section D is surrounded by a guard ring—heating unit—which compen- 
sates for the heat which would otherwise be lost; thus the edge loss is supplied by 
an auxiliary heating unit instead of by the wall panel. The wall sections tested are 
made up in the form of a full scale panel 16 in. high and 23'/; in. long, two wall 
studs (2 x 4 in., 16 in. on centers) being thus included in the frame sections. 

A plaster thermometer, molded to fit the particular wall undergoing test, is 
placed snugly up against the wall. The resistance wire of this thermometer is 
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embedded in the surface next to the wall, so no-appreciable temperature drop 
exists from the wall itself. 


This is followed up by the second heat meter, and that by the waterback. The 
whole assembly is held tightly together by clamps as shown. 


Insulite, '/2 in. thick and as large as the wall section being tested is used as the 
standard thermal resistance of the heat meters. On each side of this is securely 
fastened a flat resistance thermometer—identical in construction with the one 
already described—with the wires pressed into sure contact with the material. 
The entire heat meter is protected (from moisture absorption, etc.,) by a covering 
of rubberized sheeting. 


Leads are brought out from all the thermometers to a slide-wire wheatstone 
bridge calibrated to read the temperature directly in degrees fahr. The ther- 
mometers are recalibrated regularly to insure the accuracy of the results. Con- 
nection is made to the desired thermometer by means of a mercury trough and 
cup switch. The resistance thermometers were made large to give an average 
value of the temperature over a considerable area. 


Operation 


The apparatus is assembled in the afternoon. The heating current in the main 
heater is adjusted to provide a temperature drop of about 50 deg. fahr. across the wall 
section. The current in guard ring heater is adjusted to a value that has been 
previously found approximately to offset the edge losses. The cooling water is 
turned on and the apparatus is then left to approach its equilibrium state over 
night. 

Beginning the next morning at eight o’clock observations of the six resistance 
thermometers are made at intervals of from 15 min. to half an hour. These read- 
ings are continued throughout the day. In general, by 4 o’clock sufficient and sat- 
isfactory data has been obtained, and a new section may be put in place to be 
tested on the following day. Occasionally—due to a not wholly satisfactory ad- 
justment of the heating current in the guard ring or for some other cause—the test 
is carried on over to the next day. 


Data 


As an illustration of the determination of thermal conductivities by this method, 
the following data is presented: 
B.t.u. per 
Description hour per sq. 
ft. per deg. fahr. 
Sk Cy a ye eee Te rN K 
51/2 in. drop siding (cedar) tapered 5/15 in. thick, tea in. re ; 
Sheathing paper—Neponset buildin paper, 90/M. haces 
Hemlock sheathing (ship lap) 7 x 13/1. in..................0.000 00: 
Douglas fir studding, 2 x 4 in. (1.5 x 3.5 in.) on centers actual....... 
Hemlock lath, 7/15 x 13/, in., spaced 3/¢ im.............0 cee ee eeces 
Gypsum plaster (well dried) thickness of lath + plaster = °/j¢ in. 
conductivity = 0.267 
Same construetion as standard wall except that the lath is replaced by 


“Insulite,” the plaster being applied directly to the Insulite........ 0.207 
Standard wall with Johns-Mansville “‘Acme Hairfelt”’ fastened between 
NPR OO RS ne Re A ROPE Fe EP 0.200 
Standard wall with '/, in. “Flaxlinum” fastened between studding 
| EES eer eee rr ot Mere een orem 0.192 
Standard wall with “Cabot’s Quilt” (‘‘Double ply’’) fastened between 
EERE LOT ERE AOR EN ET PE 0.190 


Standard wall with “Balsam Wool’’ fastened between studding with 
CL 5 5cink 3 naawawencb ss KEKE dR CAESARS Roker Cons ORES 0.179 
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Although the discussion has been confined to a consideration of wall sections, 
the method outlined is equally applicable to other elements of building construc- 
tion and has already been so used with equal satisfaction. 


DISCUSSION 


P. Nicuotus: The weakness of this article is that it fails to give proof of the 
accuracy that they get with the apparatus used. For instance, heat is stated to be 
measured by heat meters at each side of the apparatus and yet no data is given 
showing how the heat meters themselves were calibrated, or how far the accuracy 
of the values is known. 


In the general problem of heat transmission, there are so many values that are 
obtained by different methods that if one desires to compare them and an author 
desires to have weight given to his value in preference to other values, then it 
becomes an absolute necessity that the presentation of his problem should contain 
all possible checks as to the percentage of accuracy that he gets and as far as he 
omits to do that, then, in future the value he has obtained will be given very little 
weight. 


W. B. Ciarxson: I notice that their stated coefficient of “Insulite,” as compared 
with “Flaxlinum” shows ‘Flaxlinum” to have the lower coefficient and under a 
different set of circumstances that might be reversed. 


M.S. Van Dusen: Of course, this table of data does not show very much be- 
cause it does not give the thicknesses of any of these materials except the one that 
is put in between the frame wall. Just saying, balsam wool or Acme hair felt, 
does not tell the thickness of the material. The hair felt might be twice as thick 
as the wool, so that comparison doesn’t mean anything at all. 


This method will work all right if it is applied to a solid wall containing no air 
space. The wall on which it is actually applied is a frame wall in which there is 
considerable convective circulation of air so that it is difficult to tell what the re- 
sults will be under other circumstances, especially when extra heat is applied 
around the edges. 


In a frame construction the height of the air space is vastly different, and the 
effective heat transfer will be different. In these experiments the object has been 
merely to compare the same wall with different insulating materials placed within, 
but it is quite possible that the effect of placing some material within the air 
space and dividing it into two parts would be considerably different with the air 
space only 2 ft. high than when it is 8 or 10 ft. high. 


H. W. Brooxs: The engineer, in considering data of this sort will consider 
the fact that he has wind pressure, moisture and rain to contend with and will add 
a factor of safety. 


In an electric circuit the contact resistance would be greater than the resistance 
of the circuit itself, that is, in a short circuit. There might be wide variations of 
contact pressure and thermal resistance between the plate and the medium to be 
measured. Some method of determining the pressure of heat plate and medium 
would have to be determined accurately and the same pressure maintained to get. 
consistent results. 
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DETERMINING THE EFFICIENCY OF AIR 
CLEANERS 


By A. M. Gooptoz,! New Yorks, N. Y. 


MEMBER 


terms of weight are well known. It is essential that the apparatus and method 

used in making such tests should be of such a nature as to eliminate as far 
as possible the natural sources of errors including those due to the human ele- 
ment. The apparatus and method described herein are used for determining 
by weight the efficiency of the average commercial air cleaner and have been 
devised primarily for the purpose of making a forced efficiency test of air cleaners 
in a laboratory or shop. It seems practical, however, for other dust determina- 
tions in the field. 

In making an efficiency test of air cleaners under normal dust conditions, it is 
necessary to consider only the apparatus and method for obtaining by weight 
the correct amount of dust in a given quantity of air before and after it has passed 
through an air cleaner. Forced efficiency tests made where excessive artificial 
dust is introduced in air require considerable thought on the concentration and 
distribution of the dust, which should be such as to reproduce as near as possible 
a normal dust condition. 

It is usually noted that the efficiency of air cleaning equipment varies greatly 
depending upon the dust concentration. This should not necessarily be the case 
provided all the dust particles are of the same size and weight. For instance, 
when there is a great increase in the dust concentration this is in most cases a result 
of the air containing particles of a larger size which would not normally be in 
suspension. The velocity and direction of the wind and peculiar air currents are 
factors that may cause a variation in the dust concentration. Therefore for all 
intents and purposes in the average case it is not far wrong to state that the effi- 
ciency of air cleaner will vary according to the dust concentration and for this 
reason more dependable and comparable results can be expected if the dust con- 
centration and distribution are under control. 


The amount of dust in the air should approach as nearly as possible the normal 
concentration which will permit a forced efficiency test to be made in a reasonable 
time, say from 1 to 6 hours, depending, of course, upon the efficiency of the air 


‘k= difficulties encountered in determining the efficiency of air cleaners in 


1 Vice-President, Mid-West Air Filters, Inc. 
Presented at the Annual Meeting of the AMERICAN Society OF HEATING AND VENTILATING ENGI- 
NEERS, New York, N. Y., January 1924. 
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cleaner. An efficiency test can be made in this time by this method with a dust 
concentration of 5 to 10 grains per 1000 cu. ft., even when the efficiency of the air 
cleaner is 99 per cent. 

During the forced efficiency tests made on air cleaners, artificial dust was intro- 
duced in such a way as to cause the dust to be diffused and distributed in the air 
in a way approaching as nearly as possible the manner in which the same quantity 
of dust would appear under normal conditions, and it consisted only of such size 
particles as would be carried in the air at a low velocity. 


It may not be difficult to introduce in a duct the correct amount by weight of 
artificial dust in order to obtain the concentration desired. But dust in bulk 
introduced in a duct would, no doubt, contain large solid particles, and also large 
particles made up of a great number of small particles which have coalesced. 
These would be easily carried along in a high velocity air current, but would not 
normally be in suspension in the air. Therefore, it seems logical that the method 
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Fic. 1. GENERAL ARRANGEMENT OF APPARATUS 


of distribution should be such as to eliminate particles of this size. This was 
accomplished by creating and maintaining a specific dust concentration in a large 
chamber or room and the air containing the dust in suspension was drawn from 
this chamber through the air cleaner, as shown in Fig. 1. 


In the tests vacuum cleaner dust was used which was composed of dust par- 
ticles previously floating in the air and settling on floors and walls, and it also 
consisted of soot, ash and the indescribable street dust. It is this kind of dust 
that creates the need for air cleaning equipment in a majority of cases. For this 
reason it appears to be quite representative. No doubt after this kind of dust 
has been collected in bulk there will be a coalition of the particles but probably 
this will be true to a certain extent with dust of any nature. However, by proper 
preparation and distribution, vacuum cleaner dust can be diffused in the air pass- 
ing through an air cleaner in a manner approaching very nearly the condition in 
which it would appear under natural conditions. 

A comparatively homogeneous distribution of dust can be maintained in a dust 
chamber by means of an apparatus known as a dust distributor (see Fig. 2), con- 
sisting of a steel drum a, 12 in. in diameter and 8 in. long. Inside the drum there 
are eight fins equally spaced 6, 2 in. wide, extending the entire length of the drum. 
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The drum revolves on a hollow shaft c at approximately 100 r.p.m. A plug d 
is inserted midway in the hollow shaft. A nozzle e attached to a nipple is con- 
nected to the hollow shaft on the incoming air side. Three air outlet holes f, 
1/, in. in diameter are placed in the shaft. In the incoming air line g there is 
located a three way regulating valve h. When the drum revolves the fins carry 
the dust up to a certain point where it drops to the bottom of the drum and causes 
a dust cloud. The plug in the hollow shaft causes the incoming air to be forced 
out through the nozzle which helps also to create a dust cloud in the drum. 

Dust from the drum passes out through the three holes in the outlet side of the 
hollow shaft which are located on the underside of the shaft to prevent any large 
particles from being forced out. When the distributor is in operation the quant- 
ity of dust emitted can be controlled by the three-way regulation valve. 


Viscous Impinger Used to Collect Dust 


The apparatus for obtaining samples of dust is called a viscous impinger. There 
are several principles, not new but known to be effective, embodied in its design. 








Fic. 2. EguipMent ror Emitrinc Dust 


As the air passes through the viscous impinger at a high velocity the dust particles 
are impinged against the vaseline coated surface by centrifugal action and abrupt 
changes in direction of the air stream. The viscous impinger, Fig. 3, consists 
of air intake a, spiral-like body 6, velocity reduction chamber c, outlet connection 
d. The viscous impinger intakes are made with any desired diameter. The spiral 
body is made of glass tubing 5/s: in. inside diameter. The overall length of the 
spiral body is approximately 11/2 in. The velocity reduction chamber is blown 
in the form of a hollow sphere */, in. diameter. The outlet connection is ap- 
proximately 1 in. long, made of a tube with 5/3: in. inside diameter. However 
this can be made of any suitable size. 


Method of Using Impinger 


To obtain a true sample of dust in an air duct it is essential that the air enters 
the sampling apparatus at the same velocity as the air in the duct. Viscous im- 
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pinger with intakes of the proper diameter can be selected, so that the entrance 
velocity will be nearly correct. A closer adjustment can be made by regulating 
the quantity of air passing through the sampling apparatus. A viscous impinger 
is prepared for use by warming it over an alcohol torch or by other means to about 
100 deg. fahr. Vaseline used in the impinger is warmed to a fluid state. By 
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Fic. 4. AIR FROM IMPINGER PASSES 
THROUGH PHENOLPHTHALEIN SOLUTION 
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Fic. 5. AIR FROM IMPINGER 
STRIKES COATED SLIDE 


means of a glass tube, just enough of the vaseline can be taken up to coat the 
inside walls of the spiral body of the viscous impinger. The liquid vaseline is 
inserted in the intake, then the viscous impinger is turned slowly till the vaseline 
coats the inside walls of the spiral body to within one half turn of the reduction 
velocity chamber. If it is found that too much vaseline has been inserted the 
viscous impinger is turned in the other direction till the surplus comes to the in- 
take where it can be removed with a piece of cotton on a stick. 

The coating will solidify within a few minutes, after which the viscous impinger 
is thoroughly cleaned on the outside, then weighed and wrapped, so that it is 
ready for use. Two or more viscous impingers are prepared in this manner for 
obtaining samples of dust in the air before and after it has passed through an air 
cleaner. When asufficient amount of dust has been collected the viscous impingers 
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are again accurately weighed and the gain in weight: will be equal to the amount 
of dust collected from which the efficiency can be determined in the usual manner. 

About 0.5 cu. ft. of air per minute is drawn through each viscous impinger by 
means of a small motor driven vacuum pump. The quantity of air passing through 
the viscous impinger is indicated on a differential flow meter accurately calibrated 
by means of a gas prover. 

The dust collected by the viscous impingers will not cause an appreciable reduc- 
tion in the area of the air passage nor are there any other factors that will cause 
the resistance of the viscous impinger to change while making a test. Therefore 
no regulation of the air flow is necessary during the test run. 

The average weight of the viscous impinger is 25 grams. When artificial dust 
is introduced and the concentration is from 5 to 10 grains per 1000 cu. ft. per min., 
an efficiency test can be made in 1 to 6 hours, depending upon the air cleaner 
efficiency and the nature of the artificial dust. It has been found by actual test 
that repeated results can be obtained without any appreciable variation, provided 
the conditions under which the tests are made are the same. 


Hydroscopic Properties of Impinger 


A great number of tests were made on the viscous impinger to establish its 
hydroscopic characteristics. A series of tests were made on the glass impinger 
without coating it with vaseline, and it was found that it neither absorbed nor 
gave up sufficient moisture to affect its weight. This can probably be attributed 
to the fact that the surface involved is comparatively small and that any variation 
in the surface film of moisture under the normal humidity and temperature changes 
is not sufficient to cause a noticeable error. 

A further series of tests were run with the viscous impinger charged with vas- 
eline. The fact was established that vaseline in this small quantity neither ab- 
sorbed nor gave up sufficient moisture to affect the weight of the impinger, and 
there was no evaporation of the vaseline that could be detected in the length of 
time it required to make the test. The factor of dust was eliminated in these 
tests by using thoroughly cleaned air. 


Efficiency of Impinger 


After being satisfied that the viscous impinger could be handled without intro- 
ducing serious errors the next step was to establish some facts regarding its effi- 
ciency. So far it has been impossible to determine the exact efficiency of the 
impinger because of the lack of time. However several tests were made to estab- 
lish the dust removing qualities of the impinger in the following way: 

A solution of phenolphthalein was placed in a filter flask. The impinger 
was connected as shown in Fig. 4, so that the air drawn through the impinger 
would be forced through the phenolphthalein solution. Caustic soda was put 
into a very fine powdered state with which a dust cloud was created near the 
viscous impinger; 36 mg. of caustic soda was collected by the impinger without 
the phenolphthalein becoming colored. The filter flask was again partly 
filled with water and a cloud of soluble prussian blue was created near the 
impinger; 41 mg. of blue was collected by the impinger without coloring the 
water in the filter flask. Further tests were made where the air was drawn 
through the viscous impinger from a large room, which contained a low con- 
centration of vacuum cleaner dust. The impinger was connected to a cylinder 
holding a slide coated with a viscous substance, as in Fig. 5, and the appara- 
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tus was arranged so that the air from the impinger would strike the slide at 
a high velocity. The slide was first covered with Canada balsam and then 
with vaseline. 

The results of these tests showed no accumulation of dust on the slides, and 
only slightly discolored spots. About 30 mg. of dust was collected by the 
viscous impinger in each test. 


DISCUSSION 


Maraaret IncGets: Even a glass weighing bottle, where there is nothing but a 
glass surface, will vary in weight. When moisture conditions are extreme the 
difference in weight of the bottle on different days often is .001 grams. This 
error in weighing, when the bottle contains a small amount of dust sample, may 
mean a large percent from the correct value of dust collected. Any method that 
measures dusts by weights should have a correction factor for the moisture if the 
calculations are to be at all close. This method is comparable to all methods for 
measuring dusts by weights. The principal one of this kind is the thimble, where 
the moisture makes the greatest difference but a correction is made for this moisture. 


In Mr. Goodloe’s method of measuring dusts he admits some air gets through, 
that is, the measuring apparatus is not high in efficiency. It is possible that the 
commercial apparatus will be as efficient as the instrument used to test it, but still 
be low on actual efficiency. 


E. D. Pratr: When it comes to using the glass spiral for figuring efficiencies in 
air filters, it is well to consider Miss Ingels remark that nothing is perfect. There 
is, undoubtedly, some dust that gets through anyway, and, mureover, anyone who 
has ever made exploration of air velocity in any duct, square or circular will be 
surprised to find how the air velocity varies over any considerable cross section 
area. In other words, provision should be made in inis duct to explore the ve- 
locity everywhere over the filter which has a considerable area, about 4 sq. ft. 


Care should be taken to regulate the exhaust through the glass spiral, so that the 
air velocity or volume that goes through this spiral is representative of the air 
velocity that is generally in the filter. 


Further, the effect of humidity must be considered. This is a method where 
you figure the efficiency from increase or the weight of the dust picked up. In 
handling air that we breathe the test should be carried on for a considerable time 
to obtain accurate values of the filter’s efficiency. 


W. H. Carrier: The view that should be taken of this test is that it is a practical 
means of measuring rather than a strictly, scientific method. It would be interest- 
ing to know the amount of dust that did get through. For instance, what per 
cent of the total under the test conditions described? 


F. R. Sti: From a manufacturer’s standpoint, what we want is to have some 
kind of a standard apparatus that gives a qualifying ratio of what cleaning is 
being done. Some specifications for air cleaning apparatus claim that 90 per 
cent of the dust can be removed. Is it a question weight or quantity. There 
are dozens of different kinds of apparatus on the market for dust determina- 











Discussion OF DETERMINING THE EFFICIENCY oF AIR CLEANERS 53 


tion. All of them give different results and it takes a-great deal of skill with most 
of them to determine what is the amount of dust. If a machine can be developed 
that will establish a standard for quantity of obstruction through a filter in a given 
length of time, then we will have a machine of commerical value and one that will 
ultimately give a ratio of the amount of dust that can be eliminated. 


H. W. Brooks: One of the interesting features is the bell-shaped mouth of the 
viscous impinger. I would like to ask Mr. Goodloe if he feels that there is any 
possibility of any currents in the air producing appreciable error in the results. 


A. M. Gooptoz: I always considered that when the air was once inside of the en- 
trance of the intake, any turbined effect in its passage on through would not effect 
the results, because the bell-shaped impinger is coated with viscoscene and the dust 
is caught up. In order for that dust to get in the intake, air has to get inside and 
pass through, which seems an impossibility. I have found in my experiments that 
where I reproduce the same conditions that my results will not vary over one or 
two per cent, and I can, furthermore, reproduce the same results in a few per cents. 
I have tried some of the drying methods and I got 115 per cent one time and the 
next time 25 per cent, but in this apparatus I get repeated results. 


Miss InGEzs: One of the principle faults with all the 40 or 50 dust determinators 
on the market is that it takes a skilled person to get the results after they have 
been obtained. 


Dr. E. Vernon Hitt: If a filter is put on the market that is 97 per cent efficient 
considering. that you can handle possibly 100,000 ft. of air, one per cent lack of 
efficiency would mean you would have 1000 cu. ft. of air going through that was 
not clean, and when you consider that this 1000 cu. ft. of air is going through hour 
after hour and day after day, why the efficiency of equipment is very low. It is 
that low efficiency, that difference in efficiency between the various filters, be- 
tween filters and washers, that must be determined. The measurements are very 
important. 


_W. H. Carrier: Probably Dr. Hill misunderstood me when I said 1 or 2 per 
cent, and I should like to correct this impression. I didn’t mean 1 or 2 per cent 
difference but per cent of the quantity, your final dust determination. 


P. Nicos: The general statement made by Mr. Goodloe about the weights 
and relative differences in weight for moisture and changes in moisture or change 
in weight in the viscoscene, does not give any statement as to the amount of moisture 
that is being passed through. For instance, in using such an instrument on the 
clean side of an air washer, where moisture might be very considerable it seems to 
me that the plans of the spiral tube and the coating inside is about as ideal a col- 
lector of dust that can be imagined and has all the simplicity. It has, however, 
a disadvantage that the weight of the instrument itself is considerable, and to get 
an appreciable accuracy with the addition of the small amount of dust, if the air 
is comparatively clean, the change in weight will be comparatively small, and, 
therefore, it is absolutely essential, in order to accept the accuracy claim, that very 
definite figures should be given, and, therefore, definite, repeated and well-designed 
tests be made to show that other factors do not influence the weight he gets from it. 


H. W. Brooks: The device used depends to a certain extent on the principles 
that are used in steam separation, of which there are in general two: one which 
involves a change in direction and flow; the other a principle of the receiver sepa 
rator. It seems to me that a somewhat larger receiver should be used at the point 
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where the square tube ends. I believe that there would be a certain precipitation 
in a larger capacity in decreasing the velocity of flow and thus get a deposit of the 
final dust. It has the disadvantage that it increases the weight of the apparatus. 


A. M. Gooptor: No regulation of air flow is required during the tests. The dust 
deposits in such a manner that it does not restrict materially enough to effect the 
air flow, and I am always informed of the amount of air that goes through the 
impinger. 
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AIR HANDLING AND HUMIDITY PROBLEMS IN 
WISCONSIN PAPER MILL 


By Artaur T. Nortu,! New York, N.Y. 


NON-MEMBER 


HE plant of the Appleton Coated Paper Co., located at Appleton, Wis., is of 

I considerable size, having a production capacity of 50,000 Ib. of coated paper 

every 24 hours with the five coating machines in use early in 1923. Three 

additional machines will be installed when the new buildings, now under con- 

struction, are completed. The plant is operated continuously from 1:00 a.m. 
Monday until 6:00 a.m. Sunday each week. 


The principal thing of interest for the heating and ventilating engineer, in this 
plant, Fig. 1, is the method used for drying the paper and heating the 
building. A brief explanation of the coating and drying process may enable the 
reader to understand better the description of the heating and drying methods 
given later. The plain paper is not made in the mill but is delivered in large rolls 
similar to the news-print paper rolls with which we are all familiar. The weight 
of paper and width of rolls varies according to the production requirements. 


The rolls of paper are mounted in front of the coating machines, Fig. 3, and the 
paper passes through them where the coating mixture is applied and evenly dis- 
tributed over the surface. The coating mixture is a thick substance made of 
clays, pigments, casein and other ingredients. As this flows quite freely, it 
naturally contains a considerable amount of water which must be evaporated 
to a certain degree of dryness. The speed at which the paper passes through 
the machine is necessarily quite slow. 


After the paper receives its coating, it travels a sufficient distance horizontally 
for the coating to harden enough to retain its place and not run. The paper is 
then elevated to a height which will permit the forming of loops about 8 ft. high 
and about 6 in. apart at the top of the loop. These loops which can be seen at right, 
Fig. 2, move forward automatically through the drying zone as new loops are formed. 
As the drying zone is about 60 ft. wide and 140 ft. long there is probably about 4500 
ft. of paper passing through the zone between a coating machine at one end 
and the winding machines at the other end, where the coated paper is re-wound 
into rolls. These rolls of coated paper are then taken to the calendering 
machines through which the paper is passed between rolls under heavy pressure, 
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thus bringing the product to a uniform 
thickness and finished surface. The paper 
is then cut to size, sorted, counted, and 
packed ready to be sent to the shipping 
room or warehouse. 


The length of the room is about 315 ft. 

The height of the outside wall is about 

15 ft. above the floor, and the height of 

the underside of the roof at the ridge is 

~ 30 ft. Along the ridge of this building, 

al over the drying zone are ventilating moni- 

tors which are now closed tight against 

the outside atmosphere. Hot-air ducts 

are placed in this part of the building, ex- 

tending from the coating machines to the 

calendering department, Fig. 5, decreasing 

in size towards the end. These ducts are 

over each of the five lines of paper and 

have openings close together in the under- 

Fic. 1. PLAN of Mn side from which the hot-air is forced 

down into the loops of drying coated 

paper. After serving its purpose in drying the coated paper this air heats the 
entire plant except some small portions which will be mentioned later. 


There is a basement under the one story cutting and finishing space in the 
north-east corner of the building. On the first floor, over this basement are 
placed openings with grates through which the air is drawn into the basement, 
then through the tunnel leading to the fan room. The entire mill proper is 
in one open room where the paper is coated, dried, wound into rolls, calendered, 
cut, sorted and packed. In this room temperatures and humidities are main- 
tained as follows: at coating machines, 76 deg. fahr., humidity 83 per cent; 
drying zone 110 deg. fahr.; winder floor space, 79 deg. fahr., humidity 68 per 
cent; calender space 80 deg. fahr., humidity 76 per cent; finishing space 72 deg. 
fahr., humidity 78 per cent. The proper humidity at the drying zone has been 
determined by experimentation and it is not permitted to be here disclosed. 


The temperatures outside of the drying zone are controlled by manipulating 
the dampers in the outlets in the floor. By this means the flow of the air is con- 
trolled at will. This control is not automatically regulated but is done by hand 
as required. The humidity is regulated by the admission of fresh outside air into 
the fan room, in such quantities as may be required. No artificial means of 
humidifying the air by water, steam or vapor is used. It is done entirely by con- 
trolling the admission of outside air. It should be noted that the air in the mill 
is continuously recirculated which makes a saving in steam consumption in the 
heating coils. The air is always fresh and extremely agreeable in every part of 
the mill. 

The heating apparatus consists of 2508 sq. ft. of radiation composed of 1'/,and 
2 in. wrought iron pipe, except that 314 sq. ft. of cast iron radiation is installed in 
the office. The balance of this radiation is used for the sole purpose of keeping 
the mill warm during the time the operation is suspended over Sunday. Three 
stacks of heating coils containing 8040 sq. ft. of radiating surface are installed in 
the fan room. Three 72 in. Sturtevant fans are located in this room, one of which 
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is a reserve unit. In this room the air is conditionéd as previously described and 
discharged into the hot-air ducts at a temperature of 160 deg. fahr. 


The entire plant contains, aside from the boiler house and the engine room, 
1,464,755 cu. ft., with 436 sq. ft. of exposed wall and 4115 sq. ft. of glass. The 
heating, drying and ventilating is accomplished entirely by exhaust steam of which 
the average consumption for the month of December, 1922, consisted of 167,778 
Ib. of steam per 24 hours as measured by a Republic flow meter. The entire 
steam production averaged 207,247 lb. per 24 hours, 39,466 lb. of which is used 
in process work, boiler feed pumps, and fan engine for forced draft, and which does 
not pass through the flow meter and the engine. The average coal consumption 
per 24-hour day during this period was 20,361 lb., and evaporation of 10.177 Ib. of 
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steam per pound of coal. The boiler plant, Fig. 3, consists of one 500-hp. Kidwell 
water tube boiler and one 500 hp. Babcock & Wilcox water tube boiler equipped 
with Type E. stokers. Only one boiler is in service at a time. The power plant 
consists of one 20 x 32 Nordberg poppet valve engine and one General Electric 
460 kw. generator. All of the power in the plant is derived from individual mo- 
tors on each machine. 


The back pressure on the engine as indicated by a gage never exceeds 1 lb. as a 
relief valve is set to operate at that pressure. The condensation from this entire 
system is taken from the coils and stacks in the fan room by a 2 in. rotary pump 
which is manufactured by the Hayton Pump and Blower Co. A compound gage 
placed in the suction of the pump shows from no pressure to '/, lb. pressure. A 
thermometer placed approximately 4 ft. above the pump in the discharge line 
shows a temperature of the return water which varies, with the load on the 
engine, from 200 deg. go 220 deg. fahr. The feed water is returned to the 
boilers at a temperature of 210 deg. fahr. 

The unique feature of this system is in the method of conditioning and handling 
the air. There is no steam evaporated for humidifying, and the humidity in the 
drying zone is under complete control and can be brought to any desired per- 
centage by manipulating dampers in the ducts entering the fan room, through 
which air is brought from the different parts of the mill and from out of doors. 
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When it is realized that the entire mill, except that part adjacent to the railroad 
tracks, is in one room and that there are five different temperatures and humidities 
mainteined therein from one source of supply, then it is easy to understand that 
the results accomplished are out of the ordinary. The entire plant is heated, and 
drying is accomplished entirely by the use of exhaust steam, except that live steam 
is used for direct radiation heating on Sunday when operations are suspended. 
Another unusual feature of this system is that there are no vacuum or steam 
traps at any place in the system, the exhaust steam leaves the engine and makes 
the complete cycle returning to the feed water heater by the operation of one pump 





Fic. 3. SCENE IN BoILER Room 


and the air from the entire system is discharged to the atmosphere through a 
3/, in. pipe from the feed water heater. 

In the summer time, when heat is not needed, the drying zone is kept at the 
standard temperature and humidity, and the remainder of the mill is cooled simply 
by opening the windows which allows fresh air to be drawn in and drawn through 
the tunnel into the fan room. By means of the rapid circulation of the air, the 
employees work in comfort during the warmest weather with a temperature not 
exceeding that of the outside notwithstanding that air is being discharged from the 
fans at a temperature of 180 deg. fahr. During extreme cold weather all of the 
exhaust steam is condensed in the heating coils and stacks. 

These unusual features were devised by the chief engineer of the plant, J. C. 
Stillman, for some of which patents are pending. To Mr. Stillman and Benjamin 
Vaugha of the Hayton Pump and Blower Co., the author is indebted for the data 
here given and for several opportunities to inspect the plant thoroughly. 
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HEAT EMISSION FROM HEATING SURFACES 
OF FURNACE 


By A. P. Kratz,! UrBana, ILL. 


NON-MEMBER 


KNOWLEDGE of the amount of heat emission from the heating surface of a 
A warm air furnace, and of the relative value of the different parts of the 

heating surface is essential in fixing a basis for the intelligent design of such 
furnaces. In order to obtain basic data of this kind, a study has been made of 
several series of warm air furnace tests conducted under varying conditions. The 
tests were all made with anthracite coal on the plant shown in Fig. 1 and formed 
part of the program of the investigation of warm-air furnaces conducted by the 
Engineering Experiment Station at the University of Illinois under a cooperative 
agreement with the National Warm Air Heating and Ventilating Association. The 
investigation is being conducted under the general direction of A. C. Willard, 
professor of Heating and Ventilation and head of the Department of Mechanical 
Engineering. 

For the analysis given in the present paper only the tests in which the surface 
temperatures for the different sections of the heating surfaces had been observed 
were selected. All of these tests were made on the same castings and included 
tests made with the following diameters and types of casings: (1) 52 in. with no 
inner lining, (2) 52 in. with black iron lining spaced 1 in. from the casing, (3) same 
as (2) with the addition of a radiation shield, (4) 50 in. with no inner lining, (5) 
50 in. with inner lining and 1 in. air space, (6) 56 in. with inner lining and 1 in. 
air space, (7) 56 in. with inner lining of corrugated tin and asbestos paper placed 
against the outer casing, (8) 52 in. with inner lining and 1 in. air space, and vertical 
bonnet having side outlets. For all casings except (8) a conical bonnet was used. 

The results were calculated on the basis that the heat, emitted from the heating 
surfaces consisted of the total heat developed by the combustion of the fuel, minus 
the sum of the heat lost through the grates to the floor, the heat emitted by the 
front and that which escaped with the flue gases. From the heat thus calculated, 
and the observed temperatures of the heating surfaces, it was then possible to 
calculate the heat emitted by the separate sections of the castings. 

The computed quantities of heat emitted per square foot of surface per hour 
were plotted against the combustion rate. The combustion rate was selected as 
the base for plotting because it is a factor that may be readily obtained or logically 
assumed in practice. 


1 Research Professor in Mechanical Engineering, University of Illinois. 
Presented at the Annual Meeting of the AMERICAN SociETY OF HEATING AND VENTILATING 
ENGINEERS, New York, N. Y., January 1924. 
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The areas of the separate sections of the castings are given in Table 1. 


AREA OF HEATING SURFACES 


Area, Sq. ft. 


EEO Rae CEE a 11.38 
Neco sly igs Nt Ar 8.10 
Combustion Chamber......... 18.87 
bi dda ae eae we aia 31.93 


Scacceelsata cons ealbore 70.28 
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Discussion of Results 


The curve in Fig. 2 gives the mean heat emitted per square foot per hour for the 
total heating surface of the castings. The fact that the points for all types of 
casings used fall on a smooth curve indicates that the total heat emission from the 
castings is independent of the type of casing or bonnet. This curve is useful in 
designing other furnaces in which the distribution of the heating surface is the same 





Fic. 2. Curve SHOWING THE MEAN HEAT EMITTED PER SQUARE Foot PER Hour 
FOR ToTaL HEATING SuRFACE OF CasTINGS (GRATE AREA 2.88 Sg. FT.) 


as in the one tested, but it gives no indication of what might be expected in case the 
distribution was not the same. 

The curves in Fig. 3 show the heat emitted per square foot per hour by the 
separate sections of the heating surfaces and may serve as a guide in designing and 
proportioning these surfaces for the circular-radiator type of furnace. In obtain- 
ing the curves no tests were used except those on the casings having the black iron 
linings with 1 in. air space, since these casings were proved to be the best and the 
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most practical. These curves also indicate that the heat emission is independent 
of the type of casing. 

Table 2 has been compiled from data taken from the curves of Figs. 2 and 3 
and gives the relative value of one square foot of heating surface for the different 
sections expressed both as a percentage of the mean heat emission from the total 
surface, and as a percentage of the heat emission from the surface of the firepot. 





Fic. 3. Curves SHow1nc Heat EMITTED PER SQUARE Foot PER Hour BY SEPARATE 
SEcrions oF HEATING SuRFACE (GRATE AREA 2.88 Sg. FT.) 


From this it may be noted that one square foot of the combustion chamber 
surface emits approximately 53 per cent, one square foot in the radiator about 
17 per cent, and one square foot in the ashpit about 15.1 per cent of the heat emitted 
by one square foot of the firepot surface. 

It should be noted that the ratio of the heat emitted by one square foot of the 
combustion chamber to the heat emitted by one square foot of the firepot is not the 
same as the ratio of the total amount of heat emitted by the combustion chamber 
to the total amount emitted by the firepot. This is true because the areas of the 
two sections are not equal. Similar conditions exist for the other sections of the 
heating surface. 
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In the furnace tested, the firepot surface emitted approximately 30 per cent, 
the combustion chamber 40 per cent, the radiator 24 per cent and the ashpit 6 per 
cent of the total heat emitted per hour. All of the heat emitted from the heating 
surfaces was not absorbed as useful heating effect by the air circulated. The 
useful heating effect (heat in the air at the bonnet) varied from 82 per cent of the 
heat emitted for a 4 lb. combustion rate to 64 per cent at a 12 lb. combustion 
rate and had a mean value of about 75 per cent at a 7 lb. combustion rate. 


TABLE 2. RELATIVE VALUE OF ONE SQUARE Foot oF HEATING SURFACE 





3 Lb. Combustion Rate 7 Lb. Combustion Rate 12 Lb. Combustion Rate 



































Relative value Relative value Relative value 
B.t.u. of 1 sq. ft. B.t.u. of 1 sq. ft. B.t.u. of 1 sq. ft. 
Section “a Per cent 2 Per cent “a Per cent 
per | of mean Per per |of mean Per per of mean| Per 
seie.| coos | ot, [ore | cost |e. lok | ome | “ot 
_ cusiinae firepot atin cusiane firepot = surface | firepot 
Firepot 4000 | 310.2 | 100.0 | 7850 | 281.5 | 100.0 | 11,800 | 269.0 | 100.0 
Combustion 
Chamber 2100 | 164.0} 52.5 | 4200] 150.5 | 53.5] 6150 | 140.0} 52.0 
Radiator 500 39.1 12.5 | 1350 48.4 17.2 2700 61.5 22.9 
Ashpit 600 46.9 15.0 | 1200 43.0 15.3 1600 36.5 13.6 
Mean for 
Total Surface | 1280 | 100.0 32.0 | 2790 | 100.0 35.5 4390 | 100.0 37.2 











Conclusions 


1. The heat emission per square foot of heating surface is independent of the 
type of casing or bonnet for a given set of castings. 


2. Inthe furnace tested, approximately 30 per cent of the total heat emission 
was emitted by the firepot, 40 per cent by the combustion chamber, 24 per cent by 
the radiator and 6 per cent by the ashpit. 

3. For the cast iron circular-radiator type of furnace, one square foot of surface 
in the firepot is equivalent to approximately 1.9 sq. ft. in the combustion chamber, 
5.9 sq. ft. in the radiator, and 6.7 sq. ft. in the ashpit. 


4. Ata mean combustion rate of 7 lb. per sq. ft. of grate surface per hr., approxi- 
mately 75 per cent of heat emitted by the heating surfaces appears as useful heat 
in the air circulated based on the heat in the air at the bonnet of the furnace. 


DISCUSSION 


D. R. Ricnarpson: There has been a great deal of harm done to the furnace 
business by the use of cast iron radiators in furnaces burning hard coal. It is eas.er 
to get 6 or 8 ft. of flame from soft coal than it is a few inches of flame from hard 
coal. It is a mistake to have cast iron radiators, except near the seashore or in 
damp cellars. The impossibility of heating up quickly in the morning with a fur- 
nace with a cast iron radiator, using hard coal has retarded the progress of the 
industry. Using the same furnace with a sheet iron radiator, however, reduces the 
heating up time from an hour or more to 15 or 20 minutes. 
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Another objectional factor is the size of casings on furnaces. When the case is 
close to the radiator it is death to the firebox. Most furnaces lack a proper supply 
of cold air and having a larger size casing allows a freer flow of air, and it not only 
preserves the firebox but saves the bodies and radiators. 


E. B. Lancensere@: In the work being done at the University of Illinois, we 
have been trying to get down to basic facts as affecting a warm air heating plant. 
We have come to the conclusion (and some of us have been in steam and hot-water 
work) that a residence can be heated properly with a warm-air system. 


I asked Professor Willard some time ago why it was that during the war they said 
that a 24 in. firepot should have a 48 in. casing. Why not determine through 
research work what is the correct diameter of casings that will save a furnace and 
at the same time give us the volume and capacity of air inside? Experimenting 
with this, it was discovered that if a baffle plate was put inside the casing halfway 
between the casing and the furnace proper, the outside temperature of the casing 
can be reduced from 150 to 105 deg. That means a big saving in heat, because 
we have practically four surfaces for the air to come in contact with, and in handling 
air we must bring the air in contact with the heated surface before we can get it 
warm. 


Last December 71 manufacturers met in Urbana, IIl., and contributed $25,000 
to establish a test house for the purpose of proving the facts that we are learning in 
the Laboratory of the University of Illinois and to show you and the public that the 
facts are true and will work out in practice. The test house is a typical house with 
eight rooms that will meet almost any condition. The construction is such that 
the exterior walls can be made of frame, brick veneer, stucco, hollow concrete 
blocks and tile. The present construction is frame. The results of this work in 
this particular house are going to be far-reaching in their effects on the public 
because we can conclusively say that our tests have proven certain things by actual 
practice. 
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MEASURING HEAT TRANSMISSION IN BUILDING 
STRUCTURES AND A HEAT TRANSMISSION 
METER 


By P. NicHouts,! Pirrspures, Pa. 


MEMBER 


This paper deals with the measurement of the heat flow through walls, 
more particularly of existing structures. It outlines the principles 
employed and describes in detail work done at the AMERICAN SOCIETY 
oF HEATING AND VENTILATING ENGINEERS’ Research Laboratory in 
the attempt to develop a Heat Transmission Meter which will indicate 
instantaneous flows. It deals with the difficulties involved in such mea- 
surements and the variable factors in building materials that will influence 
the heat transmission constants. It closes with a short review of the 
present state of our knowledge, future requirements, and indications of 
the probable trend of investigational work. 


HE heat transmission referred to in this paper is that through walls, roofs 

and floors or, expressed in more general terms, that in or out of flat surfaces. 

There are several principles available for the measurement of the rate of 

flow of electric power, but that of heat is more circumscribed, and also not capable 

of the same precision. Heat flowing through a body does not, as far as our present 

knowledge goes, alter it because of the flow, and if there is any change, it is that 

produced by the actual or relative temperatures which result. Heat flowing into 

a body does produce changes which are a measure of the quantity of heat received 

—-such as a change in volume, or a solid into a gas or liquid—but as soon as it flows 
through and the rate of loss equals that of gain, then these changes cease. 

There are thus only three principles available, namely, absorbing after it has 
passed through the body, supplying a fixed amount, or directly or indirectly mea- 
suring the temperatures at two or more points, and from the known thermal proper- 
ties of the material estimating the flow. To complete the explanation direct mea- 
surement means, for example, measuring the change in size at those points. 
If heat were flowing along a rod the temperature at any section would be given 

1 Research Head, A.S.H.-V.E. Laboratory. Copyright, 1924, American Society of HEgaTINe 
AND VENTILATING ENGINEERS. 


Presented at the Annual Meeting of the American Society oF HEATING AND VENTILATING 
Encineers, New York, N. Y., January 1924. 
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by the diameter, and an instrument which would indicate the diameters at two 
sections could, theoretically, be calibrated to show directly the rate of flow. 
Absorbing the heat after it has passed through the body has some applications 
and has been used advantageously by experimenters. It has usually consisted in 
absorbing it in coils through which water is circulated or in a tank containing 
ice. In both methods the coils or tanks must be guarded against losing heat 
themselves, and perhaps this is more easily accomplished with the ice. They 
are both limited, if accuracy is desired, to the measurement of larger heat flows. 
The supplying of a definite amount of heat has been the method usually em- 
ployed by investigators, and the various types of laboratory apparatus have 
often been described and this need not be repeated. 
There is one method which needs special mention as it has been used to measure 
the flow through the walls of buildings with natural outside weather conditions. 
This method was first proposed in 1912, by A. H. Barker of England and used 
in tests carried out at the University College, London. Its principle is shown in 
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Fig. 1, and it consists of a box placed over a portion of the wall. This box has in 
it heating coils and a fan to circulate the air gently. The air inside the box is kept 
at the same temperature as that in the room by means of a thermostat which reg- 
ulates the current in the heating coils. Presuming there is no heat transfer through 
the walls of the box, all the heat passing through the portion of the wall covered by 
the box is supplied by the coils, and by metering this and recording the various 
temperatures, a log can be plotted showing these values against time. 

This method has been used recently to advantage by the Government Testing 
Institute of Sweden and the Norwegian Technical Institute of (Technology). 
In the Swedish work constant temperatures are maintained on both sides of the 
wall, and in the Norweigan small houses were constructed and the interiors main- 
tained as far as possible at a constant temperature, but the natural weather con- 
ditions existed outside. 

This method is the nearest approach to measuring the heat flow through a given 
area of a building wall and still maintaining natural conditions. The surface 
coefficient on the hot side will be a little disturbed, but this will be small compared 
with the total thermal resistance. It requires close regulation of the heat supplied 
in addition to the temperature measurements and needs either close attention or 
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delicate thermostatic control. The large surface area of the box would permit of 
an appreciable interchange of heat through it, but a further refinement could be 
added by dividing this area into any number of sections and equalizing the tem- 
perature on the two sides, by heating elements built into each section. 

Measuring the whole heat input required to keep a building at constant tempera- 
ture has also been employed, and by constructing special types, over-all results 
are obtained. Tests of this type have been made in Minnesota, and. more exten- 
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sively in the Norwegian tests, the overall values being supplemented by Barker’s 
method applied to the window, roof and walls so as to separate the factors. 

The method of measuring the temperature change along the path of the heat flow 
and from the known thermal resistance between two points calculating the rate of 
flow, has two possibilities. 

Heat flow can be estimated from the surface transmission coefficient. As far 
as this is possible and accurate it is the simplest and causes least disturbance to 
the natural condition. Unfortunately the surface coefficient depends on several 
uncertain factors, the nature of the surface, its location both actual and relative, 
the temperature and motion of the air, and the temperature of surrounding bodies. 
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As it is difficult to specify what these are, and as the laws connecting them with the 
heat are largely empirical, it is hardly to be expected that any great accuracy can be 
obtained in this manner. It can, however, be used with fair accuracy in 
special instances when the flow is comparatively large. For instance, it has * 
been shown that a very good measure of the heat dissipated from the outside 
of a covered steam pipe can be fairly well estimated by measuring the air and sur- 
face temperatures, provided the latter is done in a definite way. 
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Our knowledge of surface action has been enlarged by the data contained in 
Report No. 9 of the Food Investigation Board of England on the “Transmission 
of Heat by Radiation and Convection.” Although no great accuracy could be 
obtained by using the natural surfaces, there is the possibility of setting up a slightly 
artificial condition, forming a definite surface and surroundings, and using fixed 
methods of temperature measurements, calibrating it by passing known heat flows. 


The second possibility is the temperature gradient in the material. Since 
all materials have a resistance to heat flow by conduction, a flow cannot occur 
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without a fall in temperature along its path. Fig. 2 shows types of gradients that 
may exist in a uniform wall with 7; and T; surface temperatures. With constant 
T; and T, and uniform conductivity it will be a. With constant temperature, but 
the conductivity varying with the temperature of the material in the form of the 
coefficient = k (1 + aT), it will be b. In building walls the temperatures 7; and 
T; are not constant but vary with more or less rapidity, and the curve for an out- 
side wall at noon in the late autumn might be asinc. If the curve and conductivity 


coefficient be known the heat flow at any plane is given by H = (t, — &) . xz is 


the width of a thin layer, with conductivity k, and t; and t the temperature of 
the faces of the layer. The heat must flowin the direction of the lower tempera- 
ture, and thus in Fig. 3-c, is flowing away from 7; at Z, and towards it at F. 
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The variations inside the wall are of secondary interest, and the flow in or out 
of one of the surfaces the more important, such as inside surfaces of buildings in 
either hot or cold weather. There is little possibility of obtaining any reliable 
results from using the wall itself as the conductivity is too uncertain, and though 
difference in temperature between the surface and a small depth below can be 
approximated by the use of thermocouples, yet such readings are subject to large 
errors. 

There is the option, however, of placing a layer of material over the surface 
whose conductivity is known and measuring the flow of heat by its temperature 
difference. If the thickness and thermal resistance of the layer are comparatively 
large, this can be done with presumedly fair accuracy. Cork board of one inch and 
upward has been used, since this material has been tested more than any other 
material and its conductivity can be approximately predicted. This, however, 
adds considerable thermal resistance to the wall, and if thin layers are employed 
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the proportional errors in measuring the surface temperatures may be appreciable 
and, at best, leave the accuracy doubtful. Such surface temperatures would be 
measured with thermocouples, but, even then, since the rate of fall in temperature 
in the air layer next to it is very rapid, the couple will project enough to put its 
reading in error. The same error would occur if the temperature were measured 
by the change in resistance of a wire on the surface. To overcome this the wires 
must be cemented on so that they are invariable, and their temperature readings 
obtained by calibration tests in which known rates of heat flow are passed through 
them. 

Such a plate when calibrated would be a Heat Transmission Meter since its 
temperature reading would directly give the rate of heat flow through it in what~- 
ever position it be used. Placing it on a wall will give the flow at that surface 
through the wall plus the plate, and as far as its thermal resistance is small compared 
with that of the wall, the flow through the part not covered can at least be approxi- 
mately determined. It will, however, have the disadvantages of added resis- 
tance and changing the nature of the surface, but it will at least give a direct 
reading of the heat flow with the minimum of apparatus and without impressing 
a source of heat, can be closely estimated for instantaneous values, and more so 
for average values over a sufficient time. 

The work done on developing such meter plates is described and is governed by 
the following principles: 

1. If they were to be of any value sufficient evidence would have to be offered 
of the order of their accuracy to ensure the acceptance of values they would give 
in application. 

2. The final plates must have the minimum thermal resistance consistent with 
the use of not too expensive auxiliary instruments, must be permanent in their 
calibration, and must be fairly rugged. 

Construction of Plates. It was decided to make the plates two feet square. If 
it were found advisable to cover a larger area in their application, it could be done 
by using several similar plates and four of them would cover 16 square feet. Part 
of the plate must be the guard ring and the d2sign of testing hot plate fixed the 
center area to be covered by the thermocouples as 15 x 15 inches. 

Some doubt was felt on the possibility of obtaining consistent results with thin 
plates, as well as doubt as to the possibility of making them so that they would be 
permanent and not fail, so it was decided to make the first set of several materials 
of different thicknesses, as a comparison between their readings would help to 
better bring out the causes of variations and confirm their accuracy. 

The next thing to decide was the method of measuring the temperatures. Even 
if the plates were thick it would be necessary to average it as far as possible over the 
whole surface, and more so if they were thin. There was much in favor of using 
the variation of electrical resistance method, as the wire would average over a 
larger portion of the surface, and also the construction would be cheaper. Against 
it was the need for a high class of instrument not usually available, and the great 
danger of change in the resistance due to strain when used on the plates, and to the 
temperature strains, as well as possible variations due to the cement holding them 
to the plates. 

Thermocouples only register point temperatures and are expensive to apply but 
afford a means of rau!tiplying the reading by using them in series, as well as having 
permanence within ‘*e temperature range of application. They were therefore 
adopted. 











MeEasurinG HEAT TRANSMISSION IN BuiLp1nG Structures, P. NIcHoLis 71 


Thermocouples give a convenient means of measuring the difference in tem- 
perature of the surfaces by having alternate junctions on the two sides. This could 
be done by bringing the wire around the edges, or by taking them throtgh holes 
in the plate. The former makes a very complicated wiring system and greatly 
increases the electrical resistance of the couple system. 


In addition to measuring the temperature difference one surface temperature is 
needed in order to be able to connect the differential e.m.f. with some zero, and also 
because of possible variation of thermal conductivity with temperature. 


Since the plates were to be calibrated by test, and not by the known conductivity 
of the material, there is no necessity to deal with actual temperatures but only with 
the readings given by the thermocouple system, and this in itself takes care of 
variations in the closeness of the wires to the surface, of the e.m.f. given by different 
junctions, and of the plate material, provided a given rate of heat flow at a given 
plate temperature always gives the same couple reading. 


As the wires were to be taken through the board it is necessary to consider how 
this affects the readings given. Since, Fig. 3, if the temperature of surface AB 
is higher than that of CD, the much higher conductivity of the wire will conduct the 
heat along it faster than will the material and thus the temperature difference 
between the junctions will be less than 7; and 7: As the maximum e.m/f. 
with the minimum electrical resistance is desired there is some length which will 
give the maximum accuracy. The mathematics of this is treated in Appendix A, 
and the useful result is developed that with copper-constantan couples the copper 
wires should be four times the length of the constantan which is very helpful in 
reducing the electrical resistance. Also that the wires could be made very short 
without an appreciable loss in efficiency. Since, however, the junctions taking 
their final temperature might bring in time, on the first set of boards the wires 
were made long, and those on the thinner board No.40 B &S. The use of this fine 
wire also ensured that they could be cemented close to the surface and would pro- 
ject little above it. 

The wiring diagram for the first set is shown in Fig. 4. It is good for any number 
of couples as long as they are the square of an even number. 

The diagram adopted for standard boards is Fig. 5. This gives the couple 
points a uniform distribution while permitting any lengths of wires. All the thin- 
ner plates have the couple systems divided into two halves, from which leads 
are brought out so that they can be read in series or multiple, thus giving more 
flexibility in obtaining the most accurate and sensitive reading with various grades 
of potentiometer. 

Five surface couples per plate were adopted, and these were mostly put in series. 
The multiple arrangement is however sufficiently accurate and less liable to-breaks. 
The e.m.f. registered by a multiple arrangement in which the temperatures at 
the junctions differ will be the algebraical mean provided the electrical resistance 
of all branches are the same. The proof is given in Appendix B, as it is perhaps 
not always recognized in connection with thermocouples. 

Table 1 gives data on the plates made to date. 


Since the manufacture of the plates required a large number of thermo-junctions 
it was necessary to have an easy way to make them. A little device shown in Fig. 6 
was very successful and being semi-automatic relieved the nerve and eye strain. 
First the copper and then the constantan wire are pushed through the slot A, 
coming up against the stop B, and are clamped by turning the pin C. Stop B 
is then swung out of the way and the handle D given a complete turn, which brings 
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up the carbon and the spark makes the bead. Pressing lever Z permits of the wires 
being removed. It has the advantage that it makes small beads and does not 
burn the wires. The wires are cut to length in a razor blade special device, are 
welded in pairs, and then the pairs in strings to form one row. All beads are 
squeezed in a small pair of pliers so that they are near the diameter of the wire in 
thickness and will sit flat on the plate, and while held in the pliers the constantan 
is bent so that a straight wire is formed, see Fig. 7. 

The holes in the plates are drilled from a template with No. 56 drill. A needle 
at each end of the strings is used to thread them through, when they are shaped to 


TABLE 1. DATA ON PLATES TESTED 

















eins aa’ T- nn eee Surface Couples® Win ding |Finish ed 

=| et eel om fos] “a || ES fo | e 

1 Cork flooring} '/2 64 | 35 | 258series|} 5 | 35 4 5.8 

2 Cork flooring | '/2 64 | 35 256 series} 5 | 35 4 5.8 

3 Ebony wood 1/s 64 | 35 | 257series|} 4 | 35 4 ae 

4 Ebony wood 1/, | 100 | 35 | 510series} 5 | 35 4 1.6 

5 Celeron 1/, 100 | 40 | 1060 series} 5 40 & 35 4 8.1 

6 | Formica 1/s | 196 | 40 | 1420series|} 5 | 40& 35 4 4.2 
: 355-2P 

7 Formica 1/, | 196 | 40 | 1456series| 5 | 40 & 35 4 4.5 

364-2P 

8 | Ebony wood 1/, | 196 | 40 | 1428series|} 5 | 40&35 4 5.5 
357-2P 

10 | Cork flooring| '/s | 196 | 35 16-4P 5 | 35 5 5.8 

11 Formica 1/g | 196 | 35 | 199series| 4 | 35 5 4.8 
50-2P 

12 | Formica 1/, | 196 | 35 | 16lseries} 5 | 35 5 5.0 
40-2P 

13. | Formica 1/16 | 196 | 35 | 164series} 4 | 35 5 2.9 
41-2P 

14 | Formica 1/16 | 196 | 35 | 160series| 4 | 35 5 2.9 
40-2P 

15 | Formica 1/5 98 | 35 | 164series| 5 | 35 & 28 5 4.6 
41-2P 





























* The surtace couples are in series; except boards 13 and 14, which are in parallel. 


their correct positions. The ends of the strings are spark welded, the wires ce- 
mented to the plate with thin shellac, and the holes filled up with a mixture of 
shellac and chalk. The surface couples were then put on and the plate given 
a coat of spar varnish. The leads were added and three more coats of varnish 
applied. 

If the plates could be left in this state it would be an advantage as any breaks 
in the wires could be repaired. There is not, however, a sufficient covering over 
the wires to reduce to a minimum the possibility of the temperature of the junctions 
relative to that of the rest of the surface varying with the method of heat applica- 
tion. To the cork boards was added a '/j in. layer of Acco cork, and to the others 
a layer of 4 lb. long-fiber asbestos paper, both being again varnished. The cement- 
ing on without special presses and steam plates was difficult to do well, but Arm- 
strong Cork Co. medium cement, having a shellac base, was used for most of them 
and bakelite varnish for others. The latter showed signs of attacking some of the 
varnish coats, and it is probable that the more satisfactory way would be to use 
this after the wires have been lightly cemented in place. 
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Troubles due to lack of experience and care were naturally rather numerous 
while making the earlier plates, but even when using the No. 40 wire they can be 
made with a very small chance of failure later. Two of those made have failed, 
but it was in both boards due to easily preventable causes. 


Calibration of Plates—Apparatus. The only method available for calibrating the 
plates is to pass known amounts of heat through them and find the e.m.f. registered 
by the couple system. Since these readings will be different for different plate 
temperatures, it is necessary to have flows at different temperatures. It was also 
evident that the work of calibration would involve the accuracy of the testing 
method as well as that of the plates, and that, as an investigation, the work on this 
feature was as important as the plates themselves. 

The guarded hot plate transmits its heat from both sides, and though the total 
is known its division is not. Assuming that the plates themselves will always give 
the same reading for the same flow at a given temperature, it is possible to divide 
the plates between the two sides, and by interchange and adjustment to get two 
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sets of values from which the ratio of the heat division could be determined. Single 
flow hot plates have been used but always on the principle of heavily insulating 
one side with a material whose conductivity was supposed to be known. This 
was not considered sufficiently accurate, so a new and simpler method was planned 
and has proved most satisfactory. 


The method coasists in using two ring guarded hot plates with a meter plate 
between them as shown in Fig. 9. The main hot plate A is the one to which there 
would be a constant supply of heat; the auxiliary hot plate B would be supplied to 
such an amount that the e.m.f. of the differential couples of C would be zero, that 
is there would be no flow of heat through the balancing plate C, and all the heat 
supplied to A would flow in one direction and that of B in the other. The plates 
to be tested would be placed on the A side, and on the B a block of material to limit 
the flow from B. There is no reason why the B side should not be used for test- 
ing except that it would require a longer time to reach a total equilibrium as the 
heat supplied to B has to be varied until that time. 

The balance plate C was plate No. 10 of Table 1, made from '/2 in. cork flooring, 
with 196 differential couples. There were divided on a center line into two sections, 
and each half was again divided and made into two circuits in multiple. The 
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usual method of balancing was to have the two sections in multiple. A zero read- 
ing would indicate that on the average there would be no flow between A and B. 
If readings for the two sections separately showed that there was a flow from A 
to B in one half, then an equal from B to A would be given by the other. In all 
the tests, when constancy was reached, the largest departure of the halves from the 
mean zero was equivalent to 0.18 per cent of the rate of flow through the plate, based 
on per square foot values. The smallest was 0.02 per cent, and the average of all 
tests 0.1 per cent. The unbalance tended to be proportional to the rate of heat 
flow being used. The largest average difference in temperature between the two 
sides of one half of the balance plate was 0.04 deg. fahr., and the average in all 
tests 0.015 deg. fahr. Since the counter flows in the two halves balance each other, 
normally, they should introduce no error, but it is conceivable that they might, 
though the amount should be decidedly less than the above percentages. 

These divided circuits were also some check as to whether there were any ex- 
traneous e.m.f.’s in the lines. Normally the series reading of the two circuits 
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should equal twice the multiple reading, which should equal half the algebraic 
sum of the individual readings. This law was always found to be followed rigidly 
except in some tests when there was trouble in the instrument circuit due to moist 
air conditions. 

As a final test of the accuracy of the balancing, a set of plates which had been 
calibrated by a one side flow could be divided into two sets and placed each side 
of one hot plate when the total B.t.u. flow obtained indicated on the two sides 
should equal the total input to the hot plate. Results obtained will be given 
later. 

A further improvement could be made in the balance plate by putting differ- 
ential couples around the guard ring part, dividing these into four sections cor- 
responding to the four sides and testing for this further balance, and for further 
analysis the main winding could be subdivided into more sections. 

The reliability of such a plate is shown by this one having been used at 230 
deg. fahr. and up and down the scale without any trouble occurring. 

Incidentally there is no reason why the same method should not be used for 
high temperature refractory testing, for which the cork board would be replaced 
by a block of pressed calcined diatomaceous earth. 
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The hot plates were made as per Fig. 10. The ingenious winding scheme of 
the Bureau of Standards was used as it gives the most even distribution of the 
heating wires. Advance strip was employed and the sizes fixed so as to give the 
most economical resistance for the voltages available. While this form was adopted 
it was not felt that it was ideal in indicating freedom from heat flow between the 
center and guard ring, and it is believed that such discrepancies as were found in 
the tests were due largely to errors in this balance. At the best the e.m-f. reg- 
istered by the copper plates and a constantan wire joining them is one couple, 
and thus putting a large number of constantan wires only better averages with- 
out increasing the reading. This one couple will then be largely influenced by 
any stray e.m.f. which, considering the nearness of the high voltage windings, 
is quite a possibility on occasion. Moreover, though a zero reading for the copper 
plate may indicate no flow between them, yet there may be flow along the wind- 
ings themselves or along the sheets of insulation. Another weakness is that it 
does not permit of balancing the four sides separately. 





ao BES. waeseees eeee eee ooe o oc 9 Rise ‘nat 
Ks oF advance oe 


' 

ok i 
kid SS 4x 005 aauance I bs 

_ ee : 

| 

| 











! 
1 
nl }— 215" center winding 





4 re 


























| 
' 
! 
| 
' 
| 
\ 
' 
T 26 
' 
| 
' 
' 
' 
! 

















Amca” =F. 10. Fic. 11. 
ance 


907 Copper 


Fig. 11 shows a diagram of a contemplated form of plate which may be an im-" 
provement. The center part is separate from the ring except for narrow con- 
nections in the copper plates to hold the parts together. There would be three 
windings, the center one having leads to measure the voltage across it, a second one 
using the same size strip as the center and with the same distribution per unit 
area which would be in series with the center, and a balancing winding around 
the edge in which the input could be varied for each side. 

In the slots, which are now open through the plate, would be strips of mica or 
formica which individually would be wound differentially with a number of 
thermocouples in series, and would thus balance the difference in temperature 
for the whole thickness of the plate, and would also allow balancing each edge 
separately. 

That, in spite of the greatest care in making the hot plates uniform, balancing 
is difficult was shown in some of the earlier tests. Constantan wire was used on 
one side only and this was turned away from the plates under test. After several 
tests the hot plate was turned the other way and in all new tests the plate indica- 
tions were two per cent lower than the former. After this balance wires were 
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used on both sides. It is possible that the relative unbalancing of the two sides 
is greater with two hot plates, due to the falling temperature gradient along the 
section of the plates starting from one side instead of the center. 

The design of the cold plates is shown in Fig. 12. It consists of a main plate of 
copper with edges bent up to form a dish with a cover plate fitting inside. The 
guides to get an even distribution of water over the area was a continuous strip of 
3/, x 7/y in. rubber. Small screws to draw the plates together ran through the 
rubber, thus making a tight joint both between the plates and at the holes. The 
only soldering necessary was around the edges to join the two plates, which could 
be done without warping them. The vents to prevent air pockets are shown. 

The whole scheme of the assembly of plates under test is clear from Fig. 9. 
The backs of the cold plates were well insulated as were the outside edges of the whole 
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set up. The pipes P represent rubber tubing through which it was found necessary 
to circulate the cooling water, after it had passed through the cold plates, in tests 
where the interior material, including the hot plates, were much below the air 
temperature, since without these the heat inflow from the air was great enough to 
prevent a balance between the copper plates, even with no current in the outer 
windings. 

Fig. 13 shows the scheme of control. All the resistances were of the tube type 
and each had in series with it a slide wire for making final adjustments. The 
ammeter and voltmeter were used for approximate readings, and exact readings 
were taken on the potentiometer, except for the amperes in the balance rings which 
were not required. 

The potentiometer was a Tinsley Vernier reading direct to one microvolt. This 
was connected to the numerous lines through two pole mercury cups, which gave 
a very flexible arrangement for reversing the voltage and for the multiple and series 
changes which were needed for the boards. 
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No automatic regulation was attempted and a test when started would be run 
day and night with an attendant regulating it all the time. 

The method of operation was to get to the approximate temperature using the 
power circuit, keeping the balance adjustments approximate, and then throw over 
to the battery. From that time the current through the center winding of the main 
hot plate would be kept at the value fixed for that test, measuring it on the poten- 
tiometer, and all adjustments made on the other circuits. As the battery capacity 
was limited the regulation of the main center current needed most attention, and, 
depending on the constancy of the voltage, would be adjusted every fifteen minutes 
ormore. This was done by adjusting resistance A of Fig. 13 which, as it controls 
all the other resistances, does not change the balance. The current normally 
would not be permitted to change more than 0.05 per cent, and then, when ad- 
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justed, it would be brought as much higher as it was found low so that the total 
input error would usually tend towards zero. The balance of the auxiliary plate 
temperature was handled in the same manner. 

The constancy of the plate guard rings could be detected to 0.5 microvolts but 
lack of sensitivity in the galvanometer prevented closer adjustment. A change 
of one microvolt could easily be recognized in the change in the meter plate read- 
ings. 

In the majority of the tests absolute constancy was not attained due to the time 
needed. Some tests, however, did not show variations in the differential readings 
of more than one in 5000 over a period of four to six hours. In others the run-up 
test would cross the run-down without the cause being located. Constancy at 
the hot end was naturally more easy to reach than was that at the cold end. 

Because this constancy was attained it does not follow that it represents the ac- 
curacy of the results, in fact for individual tests it certainly does not, but on the 
other hand, it should create more confidence in the average of the results. 
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A test for one input took from 20 to 100 hours. When there was no guide as to 
the probable values it was necessary to run up towards constancy, then heat up 
safely above it, run down and take the mean. After the first set of plates had been 
calibrated it could be done more quickly as their values were a guide. 

Fig. 14 is a diagram of the cooling water system. The main tank A is 24 in. 
x 24 in. x 30 in. inside and has a motor driven stirrer B. The pump C draws 
water from it, circulates it through the cold plates and returns it to the tank. 
The thermo-junction D has five couples in series and measures the temperature of 
the water as it leaves. When ice water is used, the stirrer is removed and broken: 
ice about 18 in. deep is kept in A, maintained well packed down and not floating; 
there was no difficulty in keeping the exit temperature constant. When warm 
water was used its temperature was fixed at something above room temperature,. 
so that the loss of heat from the tank would, preferably, be a little more than that. 
added by the heat from the plate system. Ice water from tank EF could be added 
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through the fine adjusting valve F which had a stight flow glass, or heat added by 
lamp L, controlled by resistance R placed on the main switch board. The regu- 
lation with warm water needed more attention and was operated on the swing 
plan. It could be kept to plus and minus 0.05 deg. fahr. The pump passed 18 
Ib. of water a minute, but an increase in this would be of advantage with the larger 
inputs. 

Fig. 15 shows a photograph of the apparatus. Since constant attention was 
needed it was necessary to make the work easy. All adjustments, except that of 
attending to the water circulation, can be made without the observer moving from 
his seat. 


Results with the Meter Plates 


To discover what was the true reading given by meter plates for a given rate 
of heat flow, it was necessary to be able to separate errors in the estimation of the 
flow from those of the plates themselves. On the other hand the readings given 
by the plates were the only check available on the relationship of heat flow to 
total input, so that assuming the flow indicated may be either above or below the 
true value, it was necessary to make a large number of tests and to judge by 
analysis as to what errors were caused by plate, apparatus or operation. 
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By an error in 9 plate indication is meant that it’can, for the same rate of heat 
flow, give more than one differential reading for each surface reading. Such might 
happen from the following causes: 

1. The relative distribution of flow over the junction points and plate area 
differ. That this will be so to some extent is certain and can only be reduced by 
increasing the number of couples. 

2. The plate has a different apparent thermal conductivity due to physical 
change in it, temporary or permanent. This involves repeated tests, and finding 





Fic. 15. 


a material and construction that do not change with time, and the aging at a 
sufficiently high temperature to give it the final form. 

3. The e.m.f. of the couples differ due to strains or leakage. The probability of 
this being anything appreciable at the temperatures for which they are intended, 
is not great. 

In the first set of tests plates 1, 4, 6, 8, 7, 5 and 2 were arranged in that order 
starting from the hot plate. They had thin waxed paper between them to reduce 
the chance of sticking together but otherwise had close contact, and the edges 
were covered with tape, putty and paint to prevent air leaking between them. 
Such action would be shown by an apparent loss of heat, that is, lower readings 
of the meter plates, as the cold plate is approached. 

It will be seen from Table 1 that the boards tested included two of '/3 in. 
thick cork flooring, specially selected and machined to size, supplied by the Arm- 
strong Cork Co., one '/,in. and one '/s in. thick Ebony wood, a cement-base 
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asphalt-impregnated material, supplied by the Johns-Manville Co., two '/s in. thick 
Formica, a Redmanol paper product, supplied by the Formica Insulation Co., 
and one '/, in. Celeron, a vulcanized fiber, supplied by the Diamond State Fibre 
Co. In comparing results from such an assorted set of boards it would be ex- 
pected that if all the boards showed the same general lack of concordance, then the 
cause would be due to the heat transmission through them, actual or deduced, 


@ first set - ice water 
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Set- ice water 
x Second Sset- warm water 
© Third set-ice water 
© Tnird set- warm water 
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not being what it was supposed to be, and the source of error should be in the testing 
method or apparatus. If it were found that the discrepancies were between the 
different boards, some agreeing with the average and some not, then this would be 
due to the boards registering incorrectly. If results from any one test showed a 
probably correct value for one end of the assembly, and a gradually increasing 
departure from correctness towards the other end, then the most reasonable 
explanation would be that the heat was not following a straight line but was di- 
verging or converging relative to the axis of the set up. 


A complete set of results from three plates 1, 6 and 8 will be used as illustrative. 
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The method of plotting is to divide the differential ‘millivolts by the B.t.u. trans- 
mission per square foot, and to plot this against the surface millivolts. This is 
equivalent to plotting temperature drop per B.t.u. against material temperature. 
The relationship will be discussed later. 

In Fig. 16 the results of three sets of tests are given. By a set is meant tests 
in which there was no material change in the arrangement. The points connected 
by the irregular line A had balancimg constantan wires between the center and 
ring copper of the main hot plate on the side away from the meter plates. In 
those averaged by line B the main hot plate was reversed and the balance couple 
was next to the hot plate, and in C (No. 1 plate was not included in this) there 
were couples on both sides. Corresponding test points can be found by counting 
from the vertical axis, and the similar deviation of the points will be noted, indi- 
cating that the deviation is caused by test troubles and not the boards. This is 
particularly clear when the relative position of the average lines are considered, 
as they show that the cause of the deviation is common to all the plates. Also 
the displacement of line C from B is the same percentage of the ordinate for both 
plates 6 and 8. The tests from which curve A is plotted were the first made, when 
the technique of best operation had not been acquired. It would be logical that they 
be between curves B and C. 

The plates were now divided and placed each side of a single hot plate, from which 
the heat flowed in both directions, plates 6 and 8 being on opposite sides. The 
sum of the flows given by the readings of the two plates should be equal to the total 
input. 

Three tests were made and the results for plates 6 and 8 are summarized below. 
The B.t.u. for the plates are from curve C of Fig. 16. As the heat flow given by 
the plates is the larger it indicates that the true curves for plates 6 and 8 should be 
one half per cent higher than those of curve C in Fig. 16, which is in line with 
logical expectations. 
































B.t.u. to Plate 6 | Plate 8 Comparison 

hot plat Diff. pi % 
; Ha : , Surface a a Diff. | Surface “ae, . $ eb e , co 
22.85 2720 7294 | 11.6 1186 7537 | 11.14 | 22.74 | 0.11 0.47 
47.63 5734 | 9170 | 24.12 | 2525 | 9694 | 23.3 | 47.42 | 0.21 0.44 
72.96 8865 | 11377 | 36.75 | 3942 | 12119 | 35.7 | 72.45 | 0.51 0.70 








This line of argument rather befogs the deductions as to the accuracy of the 
balancing plate in giving a one-sided flow. As they have been made on the as- 
sumption of it being accurate, as the conclusions are logical the assumption is 
justified. Apart from such assumption its accuracy has been proved to within 
one half of one per cent. 

Fig. 17 shows the curves for all plates in this first investigation arranged, from 
the top, in their order relative to the hot plate. The average lines have been drawn 
in by eye. It will be noted that the agreement of the points with the mean de- 
creases as the cold plate is approached, and that there is then a tendency of the 
tests with ice water in the cold plate to cross those using warm water. These 
actions could be explained by a lack of temperature uniformity in the cold plate, 
or more probably as due to the thermal resistance of the built-up mass of plates not 
being uniform. 

One differential circuit of plate 7 failed during the tests leaving only 100 couples, 
otherwise this would have been more uniform. 
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Plate 2 is similar to 1. Its values with the ice cold plate may be influenced by 
moisture since it was at a low temperature for several months. 

The next set of tests covered five new plates, numbers 11 to 15, with which plates 
6 and 8 were included as a guide in testing. This made the work easier and the 
complete tests were made in under two weeks. The results are shown in Fig. 18. 
Some of these tests were made under difficulties that did not permit of them being 
carried on as long as they should have been, and this is clearly shown in the common 
departure from the average of corresponding points, and thus is a test error. 

There is an indication that plates 6 and 8 give more consistent results than do 
the others, which would be attributed to the number 40 wire used for the couples. 

This set of plates was also tested by dividing them into two sets and using a single 
hot plate, giving the following results, all heat flows being per square foot per hour. 


























First SIDE ’ SECOND SIDE 
Departure Departure 
Plate B.t.u. from mean Plate B.t.u. from mean 
0 % 
13 22.30 —0.76 11 25.59 +0.8 
14 22.47 —0.04 6 25.46 +0.3 
8 22.52 +0.18 12 25.1 —1.1 
15 22.62 +0.62 cate nee ase 
Mean 22.48 ‘sth Mean 25.38 
Total input from plate readings, 47.86 B.t.u. 
Total input actual 47.672. 


Difference 0.42 per cent. 


The percentages can be taken as a probable fair measure of the accuracy of the 
plates and an indication of the lack of absolutely uniform distribution of the 
heat flow in different tests. 

Since the readings from the plates both in test and application are in e.m.f. 
it is very desirable to use these values instead of converting them to temperatures, 
thus requiring a second conversion. Moreover by using the e.m.f. no assumption 
is made as to the relationship between it and temperature, or as to variations in 
this due to changes in the wire. The only assumption made is that a given couple 
will always give the same e.m.f. at the same temperatures. Since this is a new 
language it is well to find what theoretical relationship should exist between the 
differential value per B.t.u. and the surface e.m.f. This is covered in Appendix C, 
which shows that the relationship is very closely a straight line within the range of 
temperature used and supports the experimental curves. 


The slope of the curves of Figs. 17 and 18 reduced to the same basis as that of the 
Appendix, that is, the curve slope divided by the ordinate reading at zero surface 
microvolts, and then multiplied by the number of couples in series, should give 
the same value for all plates, of the same material and using the same wire for the 
couples. The following tables give those that can be compared: 














Plate Material Thickness in. Wire no. Slope 

11 Formica 1/s 35 5.04 X 1075 
12 Formica 1/5 35 4.9 X 1075 
13 Formica 1/16 35 4.9 X 10-5 
14 Formica 1/16 35 4.85 X 10-5 
15 Formica 1/, 35 3.5 xX 10-5 
1 Cork 1/s 35 2.1 xX 1075 
4 Ebony wood 1/4 35 5.6 X 10-5 
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The first four show close agreement, but board 15-is out. This had been over- 
heated during its making and not much reliance can be placed on it in such a com- 
parison. 

The constantan wire was of a normal grade and gave in calibration an equation 
of e = (21.58)T + (0.013)T?. 
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From this and equation 7 of Appendix C the following conductivity equations 
for the three materials can be obtained. 


Formica, k = 1.63(1 + 0.0000637') 
Ebony wood, k = 3.21(1 — 0.000087’) 
Cork flooring, k = 0.496(1 + 0.000687’) 
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T beinglin degrees fahr., and k in B.t.u., sq. ft., in., hr., deg. fahr. Not too much 
reliance should be placed on the first figures due to the thinness of the boards, and 
the relative importance of the size of wire. The multipliers for 7 are of the relative 
order that would be expected. 
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In the tests up to this stage the boards had been assembled touching each other. 
However small the wires may be they will tend to upset the uniformity of heat 
flow, and the relative amount of disturbance may differ depending on the way the 
heat reaches the surface. With the small wires used it was believed that the 
covering placed over them would be sufficient to distribute it so that the same 
proportions would always flow through the couple points. To test this the second 
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set of boards were assembled With an air gap of 0.11 in. between them by cementing 
strips 1/, in. wide around the edges. When assembled the edges were painted with 
melted paraffin to prevent air circulation. 

These tests have not been carried far, and doubt was felt at making them at all 
withsut being able to balance the individual sides of the edge guard rings of the 
hot plates. Two tests were made with 18 B.t.u., sq. ft., hour flow, one using ice 
water and the other water at 82 deg. fahr. The summarized results are given in 
the table and compared with those in the previous tests. 























WirH Ick WATER With WarM WATER 

Microvolts per B.t.u. Microvolts per B.t.u. 

Plate . . Per cent a ; Per cent Mean 

— Without difference “—— Without difference | per cent 

11 348 355 —2.0 372 369 —0.8 —1.4 

6 230 230 —1.6 239.7 236.5 —-1.3 —1.4 

12 322 330 —2.3 345.5 337 —2.5 —2.4 

13 203 .5 217 —6.4 277.8 214 —6.1 —6.3 

14 183.7 196.5 —6.5 206 .2 193 —6.4 —6.4 

8 98.3 101 —2.7 106.2 102.8 —3.2 —2.9 

15 187.7 188 —0.2 195.3 195.4 —0.5 —0.4 

















In these tests all the plates had air gaps, so that no one value is obtained under 
the former close contact. They are given to show that it is possible that the method 
of manufacture has not been accurate enough to eliminate variations in thermal 
resistance due to the wires. If this is confirmed it will be necessary to apply a 
multiplying factor for use when one face is exposed to the air, as it is not desirable 
to increase the total resistance. 

The absolute accuracy of all values depends on the error involved in translating 
the electrical input into B.t.u., and the measuring of the former. The total 
length of strip used on the center winding of the hot plate was known to 0.05 per 
cent, and its distribution on the surface can be calculated from the system of wind- 
ing. Thus the ratio of the length per square foot area to the total length is known. 
Measuring the voltage drop across the total length in each test, with the fixed 
amperes flowing gives a means of obtaining the watts per square foot of plate area. 
The voltage was measured on the potentiometer using a megohm and post office 
box in series, the latter to obtain suitable values for the potentiometer, and Fig. 19 
gives the apparent resistance of the center winding against the approximate tem- 
perature of the hot plate as obtained from the various tests. This shows a decrease 
of apparent resistance with rise in temperature and gives a more consistent result 
than does a plotting against the input. The shunt resistance for measuring the 
current was checked against a recently certified standard ohm. From all checks 
the error in the conversion to B.t.u. is not more than 0.1 per cent, this of course 
not including the disturbing of conditions by edge-wise flow, nor does it bear on the 
distribution of the flow through the material tested. 

The order of the error due to using the mean e.m.f. readings of the couples in- 
stead of the mean temperature is worked out in Appendix B and is found to be 
negligible even for extreme unbalance. 

Comparing the results from the thick and thin plates there is no indication that 
the former are more consistent or reliable. Such comparison is not entirely justi- 
fiable in that the thinner boards had more differential couples than the thick. 

Nor is there much in favor of any one material. Cork flooring was used because 
it gives a high reading and has the small heat capacity of 0.93 B.t.u. per deg. fahr. 
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per sq. ft. perin. Such a material would be ideal in its properties but its flexibility 
in thin sheets would be dangerous for the small wires, and any material which has 
air spaces must necessarily be more liable to change with time. 

Ebony wood has a low thermal resistance, which causes a smaller differential 
reading for a given thickness. On the other hand it is heavy and has a higher 
heat capacity of about 2.6 B.t.u. It is very rigid even in thin sheets and this may 


APPRRENT RES) STANCE, ONS 





PLATE TEMPERATURE, “F 


Fic. 19. 


or may not be an advantage. From the nature of its manufacture it would be 
expected to lack—in thin sheets—that exact uniformity possessed by products 
made from one material and without grain, but the two samples tested give very 
satisfactory results. 

Formica, or similar products, have a higher thermal resistance, are strong but 
flexible, and the uniformity in thermal properties should be good. Its heat capacity 
is about 2.4 B.t.u. Below '/s in. thickness it tends to have some buckle and no 
change with time was noted, but a similar material and a little stiffer would be an 
advantage. 
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As a brief summary it can be stated that: 

1. The plates as constructed after a nine month’s use have shown no tendency 
to change their reading for a given flow due to change in the plates themselves. 

2. That with close contact on two sides the readings they give can be taken as a 
true measure of the heat flow to within plus or minus one per cent. 


3. That to obtain closer accuracy it will be necessary to attempt to eliminate 
some doubtful features of the method of test, and to institute further checks. 


Plates as a Meter of Heat Flow. A plate will at all times give the heat flow through 
the active portion, that is the area covered by the differential couples, and will 
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average this if the flow is not uniform over the area. It will however add a thermal 
resistance to that area, and thus will make the flow less than that through the nat- 
ural wall. 


In addition to adding this resistance it also tends to change the parallel flow 
through the wall, and in order that the flow through the active part be a true 
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measure of the heat flowing through the wall covered, the guard ring part of the 
plate should be wide enough to keep the flow in parallel lines. The actual guard 
ring of the plates is 4'/2 in. wide, and where exact data is desired it will be necessary 
to increase this by adding strips of equal thermal resistance. 

An exact treatment of the realtionship of the flow indicated by the plate, con- 
sidered as an approximately instantaneous value, to thatthrough the uncovered wall, 
is complicated and for practical work of no interest where the flow is variable. 
Assuming the wall is uniform the flow, H, Fig. 20, through the uncovered portion 
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, T,— T: 
l= 

is, H H T_T; 

would give the data, but as this is rarely so, the H and the temperature would have 

to be the sum or mean of the values over a sufficient length of time, which as a 

minimum would be that between two similar temperature conditions of all the wall. 

Similarly if the thermal conductivity of the portion of the wall covered by the 


plate is to be studied, its average value will be given by k = H — with val- 
oo 2 





If all the conditions are constant then one set of readings 


ues taken in a similar manner and averaged over the time. 

Used to measure the fluctuating flow of a basement floor, tunnel wall or other- 
wise solid mass of material with constant or slowly varying air temperatures, the 
flow given by the plate will be sufficiently accurate with that of the natural body. 
If further checks be desired a portion of the surface would be painted the same as 
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the board and temperatures of the painted and unpainted portions taken. In any 
application the plates must be in position long enough before readings are taken 
for the temperatures to have readjusted themselves. 
The total thermal resistance added to a wall by a plate is dependent on the 
closeness of the contact, and the surface should be level and smooth. Tests of 
plates on a plaster finish which was not free from waves gave the following values: 


ENT Pea Se Ee 12 14 
IN 5 a5 2.055 cdo nade wa meanies 1/, 15 
Thermal resistance surface of plate to surface 

Ck SRR rein etn h ey eerie rr 0.305 0.216 
Ratio of R to that measured by the differential 

as eda e ccd snadvsctcvencepbeases 3.8 4.7 
Equivalent thickness of brick, k = 6, having a 

EP EOE TOE Pe rere 1.83” 1.3” 


_ Application of plates to a variety of conditions in order to test the type of reading 

they give brought to light an action which is more accentuated than was expected. 
Supposing a steady flow of heat into a surface, then a very small instantaneous 
change in temperature at the surface will produce a very large instantaneous change in 
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the rate of flow, which will however quickly die down to a small normal change. 
As the plates measure the temperature difference through an appreciable thickness 
the initial change is masked, and a smaller change of flow is shown than occurs at 
the true surface. With a natural convection and the generally accredited station- 
ary air film it was expected that there would have been a further lag, and that the 
wave length of changes would be large. 


Curves are shown of readings at one quarter minute intervals. The base line 
is shown for one, but the side scales fix the range of the variations relative to the 
total flow. Fig. 21 is for a plate on a vertical 24 in. brick wall. Due to room 
conditions there would be more air motion and temperature variation than usually 
found. Figs. 22 and 23 are for plates on a concrete floor, solid with the foundation 
and with steady room conditions. It will be noted that the '/1 in. plate registers 
larger fluctuations than does the 1/s in. 


To illustrate how rapidly the plates record new conditions, a 60 watt lamp was 
suspended above each of the floor plates. The immediate action of the radiation 
is very marked. 


The plates are thus very sensitive in their record, but this same sensitivity in- 
creases the difficulty of taking readings, which have to be averaged. It would 
thus be of decided advantage to bury the plate a small distance in the wall. 


Observations on any one trial application of the plates were not sufficiently 
continuous to deduce values of constants, but they clearly showed the change in 
flow with conditions and the lag due to the mass of the wall. 


It is plainly desirable that the various readings should be automatically recorded. 
There are various instruments that could record the temperatures, but the com- 
paratively high resistance of the couple circuits makes a potentiometer type very 
desirable. In many applications the only values required would be the sum of the 
readings’ and, if it could be devised, an instrument similar in principle to a volta- 
meter would be ideal. 


In what way can such heat transmission meters be of assistance? Their 
primary use will be to give records of the flow which actually occurs, without regard 
to the cause, to obtain a check on calculated values, or to measure the loss of heat— 
temporary or average. Such records are needed both for the data they may give, 
and also to establish confidence in the ability to predict by calculations. 


They can be used to measure conductivity coefficients of materials under natural 
conditions, but such work must include a full set of temperature measurements, 
including some through the wall if it is of compound construction. In as far as 
the temperatures are not constant such test will have to be continuous, or by auto- 
matic records. The need for and advantage of doing such work under natural 
weather conditions are that it is removed from the opprobrium of being a labora- 
tory test. 


They should be of decided value in connection with laboratory tests in that the 
heat input need not be measured. Any source of heat at a constant temperature 
can be used and the actual transmission can be measured at the plane or planes 
most suitable. In high temperature work the actual hot temperature, when it is 
generated electrically and the heat input measured, is limited by the ability of the 
apparatus to stand it, but by using a plate at the cold end the hot temperature can 
be produced by a flame. Using one each side of a single hot plate gives the division 
of heat on the two sides, which it is very desirable to know. They can also be a 
check on heat input, or of ice melted. 
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For natural wall transmission the plates are, in principle, inferior to Barker’s 
box method, which disturbs the conditions less. They have the advantage however 
of greater simplicity and, it is believed, greater accuracy of measurement, especially 
if the room conditions are variable, as well as the ability to record flow in either 
direction. They become a necessity where observation must extend over a long 
period in order to cover a cycle of changes, such as the yearly one in a tunnel under 
a river. 


Conditions Affecting the Apparent Thermal Conductivity 


Assuming that the materials in a portion of a structure do not change, the ther- 
mal constants will also remain unchanged, but the heat transmission through it 
may vary from two causes imposed by and related to the weather conditions, namely 
the amount of moisture in the wall and on its surfaces, and also the exterior wind 
pressure in as far as it changes the surface transmission coefficient, or causes in- 
filtration through the whole or a portion of the material. Both actions will affect 
the apparent thermal conductivity as deduced from the measured heat flow and 
will make it differ from values obtained by laboratory tests. 
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Moisture in a material will always increase its thermal conductivity, and that 
this increase may be very material is well recognized though there is little data on 
it. The National Physical Laboratory of England reports a test on a nine inch 
brick wall which when thoroughly wetted (the exact meaning of this not being stated) 
had a conductivity coefficient of 15.8, which, under the test heat finally reduced to 
6.1. It is understood that considerable attention is being given to moisture in the 
Swedish test though no details have been published to date. 

It is to be presumed that the moisture content of a wall will go through cycles, 
but that its amount and distribution wil! depend on a number of complicated fac- 
tors. Its deposition will depend on the absorbtive capacity and the driving force 
of rain; on the ordinary laws of condensation which will tend to collect moisture 
in the inner portion during the warmer weather, or at any portion after a rapid 
rise of air temperature; due to diffusion where the vapor pressures in and outside 
differ, and to a smaller extent due to temperature differential diffusion. On the 
other hand it will always follow the regular laws of drying by evaporation at its 
surfaces. 

It can be expected that the rate of change, particularly the decrease, in the mois- 
ture content will be comparatively slow. When there is air infiltration it will tend 
to dry the wall in winter and usually add moisture in summer. Whatever moisture 
there is will be a part of the structure and the thermal conductivity measured at 
that time will be the true one. 
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It can be believed that the amount deposited by interior condensation will not 
be formed at a high enough rate to affect materially the thermal gradient by the 
latent heat given up, but on the other hand the evaporation at the outer surface 
will increase the surface transmission coefficient and abstract heat from the wall or 
keep the surface temperature down. 


In a well-built thicker wall the amount of moisture content should be approx- 
imately the same during the same periods of different years, when it is averaged 
over a week. 


Air infiltration due to the wind can, as far as its overall effect is concerned, be 
treated as a portion of the air change in the building, but it also comes into evidence 
when measuring the heat transmission of a portion of the wall. 

The infiltration concerned with here is that air which leaks through due to the 
porosity of brick, concrete, and probably some stones, and that due to mortar 
joints which are evenly enough distributed to be considered uniform. Such 
infiltration evidently will affect the temperature gradient in a wall, and, depending 
on how the heat transmission is measured, will give an apparent conductivity 
coefficient which will differ from values found without infiltration. 


A brief mathematical development is given in Appendix D and is on the assump- 
tion of uniform infiltration. Such infiltration has not been measured separately 
from other leakages, but recent work in this laboratory on window leakage ob- 
tained values for a brick wall with an area of 44.6 sq. ft., which is sufficiently large 
to be a fair indication of what such values may be. The wall was 13 in. thick with 
1/,in. plaster, and one of the values will be used for illustration. 

With a difference in pressure equivalent to a wind velocity of 29 miles an hour 
there was a leakage of 20 cu. ft. per sq. ft. per hr. Assun..ng that the temperature 
of the wall inside was 7, and outside 72, and that the conductivity of brick is 
k = 6, the estimated flow, if there were no leakage, is 0.445 (7; — T2). With the 
infiltration the estimated flow measured on the room side is 0.66 (7; — T2), and 
at the outside 0.28 (7, — T.). The apparent conductivity coefficients would be 
8.9 and 3.8, respectively. Fig. 24 gives the temperature curves through the wall 
with and without the infiltration. 


The illustration is probably extreme for continuous conditions and is given to 
show what the order of values may be, and how natural conditions may give 
coefficients differing from those obtained in the laboratory. It also illustrates 
the difficulty in measuring heat flow without changing the natural conditions. 


Review of Investigational Trend 


It is pertinent to the intent of this paper to review briefly the present standing 
of our knowledge of and the data available for heat transmission in connection 
with heating and ventilating engineering. If there were agreement on what is 
lacking, it would fix the trend of future investigations. It is well to start with the 
statement, to which there probably will be no objection raised, that the investi- 
gational knowledge should be of a higher degree of accuracy than will be required 
for the majority of its applications, or of the ability to define conditions and should 
be in advance of practical requirement. 

It is also taken for granted that the ultimate aim of the Society should be to 
issue under its approval a compendium of values and methods of estimation; that 
in this as in all other branches of technical calculation there will be the tendency 
for closer analysis and the more accurate prediction. 
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The truth and sufficiency of data are usually demonstrated by their application 
to practical problems being confirmed by the results obtained. In the heat losses 
here considered, not only has there been no means of checking as to whether those 
occurring agreed with those estimated, but they are only a part of the total heat 
exchange, and there is no means of determining the proportion they actually have 
to the total exchange as measured by the heat input. It therefore has been natural 
that there should be a lack of confidence in the correctness of the method of esti- 
mating or of the constants used. Such doubt is usually explained as a disbelief 
in laboratory tests on small samples representing the actual conditions in large 
structures. Such a statement is justified in as far as tests have not shown how 
values obtained under what may be called “‘stationary conditions” will vary with 
superimposed conditions that will occur in the structure. These conditions are 
moisture, rain and wind. Temperature is omitted, since the heat flow can be 
predicted against its cycles, at least to a fair accuracy. 

It is this feeling of the lack of connection of laboratory tests with practice that 
has of late years encouraged the attempt to determine values of constants under 
natural conditions. The difficulties involved in this have been brought out in this 
paper, and it is probable that in the main they will give overall actual values with- 
out being able to connect them closely with the causes, because these do not main- 
tain a given value for a long enough time. 

From an investigational standpoint it would be desirable first to connect the 
distribution of moisture in a wall with the weather conditions, and also to determine 
the thermal conductivity of the material with each moisture content within the 
practical range. Such an undertaking would be large and impractical in as far 
as the material itself cannot be confined to a limited number of definite physical 
specifications. It would seem, however, that they should be carried on far enough 
to show the relative order of the values for a limited number of changes in order 
to prove or disprove the importance of the moisture feature. A knowledge of this 
is necessary to fix values for average use, and also to show the economy of water- 
proofing or other means of prevention. 


The same general argument applies to wind pressure, but it is probable that the 
possibility and economy of prevention are the more important aims. 


The need for such trend in the investigations are of more importance when tests 
are conducted to compare types of construction, as it is quite probable that one 
which showed the better under stationary might be decidedly inferior when sub- 
jected to natural conditions. 


It is thus the author’s belief that further tests to determine conductivity values 
for structural materials will be incomplete unless they are extended to include their 
behavior under either natural or imitations of natural conditions. In as far as 
this is not done scepticism will arise in the future as to their reliability as practical 
values. 


There are two other factors which are probably largely the cause of discrepancies 
obtained by different investigators, the first being the wide range of physical 
qualities which may occur in a material which is classed under one nomenclature 
and considered as having approximately fixed qualities, the second that of the grade 
of workmanship in the assembly of the units in the structure. There has been 
little attempt to determine the relationship of the thermal conductivities of given 
structural materials with its other physical variables. This has been done for some 
insulating materials, but for these it is a simpler problem, since usually the structure 
is the same and has a definite form for each specific weight. With many building 
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materials this is not so, and an additional physical quality in the closeness of the 
cementing of the particles together comes in, such as in the burning of a clay prod- 
uct. Also the number, size, and porosity of the individual particles will materially 
affect its thermal conductivity. The materials coming under this classification 
are not numerous and it would be a praiseworthy undertaking to classify and de- 
termine their conductivities under stationary conditions, and certainly would be 
a more valuable addition to our knowledge than would a similar number of tests 
on diverse materials. 

The investigational requirements would not end with the stationary tests, as 
these same materials might have different qualities of absorption and air infiltration. 
It is however quite a possibility that the change in thermal conductivity could be 
fairly accurately connected with absorbtive qualities through deductions from 
results with one given material. 


The grade of workmanship factor is of importance but is not so much an investi- 
gational problem. It will not usually affect stationary values materially but is 
of importance mainly in the quantity of infiltration. It may in some constructions 
influence the amount of moisture in the material, although both factors could be 
largely due to the architect’s specification, such as the type and method of applica- 
tion of building paper, prevention of interior air currents, and finish of mortar 
joints. If there were any question as to the economy of a given grade of workman- 
ship, the part that the relative heat transmission would play in such economy could 
be determined for a few typical constructions. 


There is one further factor, namely the change in heat transmission with time. 
The largest part of this would be due to the deterioration of the structure as a 
whole rather than change in the specific conductivity of the materials. Even 
where the materials themselves are perishable, such as in frame buildings, the 
increased transmission due to defects in the structure itself will certainly outweigh 
any change in the material. In fact it would be expected that the conductivity 
of the dry material would be decreased, and an increase would only be due to its 
larger moisture content. 


As the heat transmission of building materials is mainly of interest during winter 
weather, it would seem desirable that laboratory tests should be arranged to have 
one side around freezing point. As far as they try to imitate natural conditions, 
tests with a still lower temperature would be advisable at least for a limited number 
of comparisons, more especially if any attempt is made to duplicate natural mois- 
ture conditions. 

Assuming that the investigations outlined were completed, it is granted that in 
the majority of practical computations an average value would be sufficient, and 
as nearly correct as the knowledge of other factors. It is to be presumed however, 
that the increase in knowledge of the other factors of window infiltration, health 
requirements, and ability to fortell the economic size of heating plant needed would 
have kept pace, and that a closer estimate on the heat transmission would be 
desired. Apart from this, one of the main advantages in such knowledge is in its 
influence on practice in showing how heat losses can be reduced and producing 
data from which the economic value of such saving can be deduced. 


It is not germane to this paper to include a summary of recent tests, for quite 
extensive work has been carried out during the past five years in England, Sweden 
and Norway. A list of the original publications is given in Appendix FE. 


Acknowledgment is made on behalf of the laboratory to the various manufac- 
turers who have willingly supplied any material requested. These include the 
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following companies: Armstrong Cork, Formica Insulation, Johns-Manville, 
Phiiip Carey, Keasby and Mattison, Rock-Products, and Driver-Harris Co. 
Particular thanks are due to E. C. Loyd of the Armstrong Cork Co. 

The following members of the laboratory have in turn assisted in the experimen- 
tal work: James Brown, E. C. Andrews, and Raymond Otter. 


APPENDIX A 


Relationship of Differential E.m.f.’s to True Surface Temperature 


Fig. 25 shows a section of a plate of low thermal conductivity material through 
which heat is passing. Also a series of couples with alternate junctions on the two 
faces and passing through small holes. The wires are assumed to be cemented 
to the surfaces and covered with a layer of cement or material so that they are 
immersed in it. A and C are junctions. 

Since the metal wires have a higher thermal conductivity than the material, heat 
will be conducted along them and through to the colder side more easily than 
through the plate, and thus the temperature of the wires will differ from that of 
the material surrounding it, and the differential temperature registered by the 
couples will be, in general, less than that of the surfaces. 

The type of distribution of temperature is shown in the curve below the plate. 

Since the two sides are symmetrical it is only necessary to consider one. Also 
since the plates are thin, the problem need not be complicated by taking into ac- 
count the portion of the wire passing through the plate, or the length on the surface 
can be assumed to be increased by one-quarter the plate thickness. The tem- 
perature at B can therefore be taken as that of the middle of the plate = att 

Considering at first only the portion B — C of the wire, and assuming that the 
junction C is nearer to the surface temperature than any other point in it so that 
there is no heat flow along the wire at C, the portion A — B is equivalent to a rod 
whose temperature is kept constant at B, and which is immersed in a medium of 
temperature 7’. 

Measuring temperatures 7 from 72, and distances, x, along the wire from B, the 
general equation for the temperature T at z is 


ee I khan Snaxdestcedexs (1) 
‘ on 4E 
where A and B are constants to be determined by the conditions, andc = \ Ka 
where 
E = rate of heat exchange to medium per unit surface of wire per deg. 
K = thermal conductivity coefficient of wire. 
d = diameter of wire. 
At the point B, x = 0, T = Tn 
therefore Tn = A+B 
At the point C, x = L, and ¢ 
But 7 = Ace*—Bce™ 
From these A and B are determined as 


=0 
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Tae 4 Tutt” 
Away eu Braye 
thus 
eek + e~zeh 
T= eh + e~k X Tn 
At the junction C, x = L and therefore: 
2T m 
all> ar are SE (2) 
Considering.the wire C D, which is of a different metal, 
2T m 
T= eu 4 eu Te TeT ret. Cee erry ree (3) 


For (2) and (3) to be true, that is for the junction to be the point of the wire 
nearest to the temperature of the medium, cL must be equal to c'L!, or 


aE TE 
om os £3 
Ly L Es 


The surface coefficients will be the same, and if d = d', 





5. = 
Lt YK 
The K’s for copper and constantan in foot-inch-hour-deg. fahr. units are 2650 and 
157, therefore: 





length, copper __ 41 
length, constantan 


Taking the wire as a buried pipe, the zero surface temperature being at a diam- 
eter D, and conductivity of the medium k: 


2k k 
E=——,, andeL = = 2 VE hestiedanede (4) 
tte eg = 
d d 


T—T, &&+e-% 


The left hand side is the proportional loss of temperature due to the length of 
wire. Taking k for the medium as 2, and considering the copper half of the couple 





Writing equation (2) as: 


the following table gives values for (5) for assumed ratios of ; , 


Tests were made to check these values and determine the value of c, but as far 
as they were carried the results were not very consistent when using a heavy mate- 
rial board, due probably to the size of wire in keeping the junction away from the. 
surface, being of more importance than the lengths used. Also with short lengths 
the stiffness prevented them being cemented as closely. They showed, however, 
that as large an e.m.f. could be obtained with 0.3 in. constantan as with longer 
lengths. 
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PROPORTIONAL Loss IN E.M.F. wiTtH GIVEN WIRE LENGTH ON ONE SURFACE 











Wire Le 
age h of ire i 
P g ace ngth of Copper Wire in Inches 
No. 0.1 0.2 0.4 0.6 6 1.0 1.2 
32 0.43 0.29 0.105 0.035 0.01 0.003 0.001 
20 35 0.37 0.17 0.04 0.008 0.0016 0.0003 ana 
40 0.23 0.06 0.004 0.0002 aaa Pat rer 
32 0.45 0.32 0.135 0.05 0.018 0.007 0.0025 
50 35 0.4 0.23 0.06 0.008 0.0035 0.0009 0.0002 
40 0.26 0.08 0.007 0.0004 nw ein here 


























APPENDIX B 


Thermocouples in Series and Parallel 


Series couples in which every alternate junction is kept at a common temperature 
and the other junctions at various temperatures will give an e.m.f. which, divided 
by the number of pairs of junctions, will give the true mean e.m.f. 


If the similar metals of a number of junctions be connected together and run to 
a common cold junction, the e.m.f. registered will be a true mean—for all tem- 
peratures—only if the electrical resistances of the parallel junctions are the same. 
The proof of this is as follows: 

Let n junctions, Fig. 26, be joined at A and B and have a common cold junction 
CJ, which can be considered to be at zero e.m.f. If a potentiometer be used there 
will be no current in A P B, and the voltage E across AB will be that registered. 


Let the e.m.f.’s of the junctions be ¢, é2..... én. Since these are not necessarily 
equal there will be currents flowing in the junctions and through A and B. Let 
these be Ci, C2..... Cx, called positive if flowing to A and negative, if away. Let 
the electrical resistances be 7, r2..... Tn. 


Taking each junction in turn: 


E=e-—Cn 
= @—Cr 
= én — Catn 
therefore nE = ey + €2 + en — (Curr + Care + Cara)... sec cece eeeces (1) 


If each resistance be equal to r, then 
nE = & + €2 + e2a—r(Ci + C2 Hee Ke + C2) 
But (C; + C2 + Cn) = 0, since all legs meeting at A are included, 


then will F = 21 et & 

n 
that is, Z is the true mean, whatever be the values of the e’s. It also can be shown 
that if a galvanometer or millivoltmeter be used, the current through the instrument 
will be that due to a true mean e.m.f. only when the resistance of the parallel 
junctions are equal. 
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It is hardly necessary to point out that in equation 1, the negative part could be 
zero with unequal values of the r’s, but only for definite relationships of the e’s. 

Unequal resistances can introduce considerable error if the temperatures mea- 
sured be different. For example, if there he two circuits having resistances in the 
ratio of 1 to 2, and with one e.m.f. twice that of the other, then the e.m.f. 
registered will be 0.83 of the true mean. 


Although the true e.m.f. can be obtained by the use of series or parallel couples, 
the translation of this into temperature does not necessarily give the true mean 
temperature, due to the relationship between them being a curve. An idea of the 
possible magnitude of the temperature error can be obtained by considering the 
case of two circuits. This will be done for copper-constantan. 

In Fig. 27 T; and T, are the actual temperatures, ém the observed mean e.m.f., 
which corresponds to the temperature Tm. T'a is the true mean temperature for 
which ée would be the e.m.f. 





Fic. 28. 


Taking the relationship as e = aT + bT®, it is found that the error is given by 
(€m — €a) = 2 (T, — T:)? 


With normal copper constantan wires, the order of the errors is shown by the 
following table: 




















— See in Deg. Fahr. with Mean Temperatures of 
deg. fahr. 32 82 200 
deg. fahr. deg. fahr. deg. fahr. 
1 0.00016 0.00015 0.00013 
10 0.016 0.015 0.013 
20 0.060 0.057 0.050 


Such errors are negligible and are greatly exceeded by observation and location 
errors. 

The similar type of error in connection with the differential couples on the plates 
would be due to, say, a uniform temperature existing in a plate during calibration 
and an ununiform in application, although the same surface and differential values 
are obtained as before. The error for an extreme case of a difference between two 
halves of the plate of 20 deg. fahr. would be only 0.008 per cent. 


APPENDIX C 
Relationship of Differential to Surface E.m-f. 


Let A A, Fig. 28, be the section of a plate through which heat is passing at a con- 
stant rate 
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Let: 

H_ = the rate of heat flow. 

T, = hot side temperature measured above ice-point. 

T: = cold side temperature measured above ice-point. 

Tm = mean temperature measured above ice-point. 

K = thermal conductivity coefficient, considered constant with tempera- 
ture. 

S = shape factor = reciprocal of thickness. 

é:, ¢: = E.m_f.’s of thermocouples corresponding to 7, and 7; respectively. 

ém = E.m_f. against the ice-point of the mean temperature of plate, that is 

Ti + 72. 
2 

é = — e.m.f. of the two surfaces, that is corresponding to 

1— 72. 


All the e.m.f.’s are assumed reduced to the values given by single couples. 
Then for the heat flow: . 
Oe Ee ME 6 ok crores ached bacutenxdes (1) 


The relationship between the temperature and e.m.f. of copper-constantan couples 
is given very closely by an equation of the form e = aT + bT?, where a and b are 
constants and the temperature 7’ the number of degrees above the freezing or ice- 
point. 

From this it follows that: . 


r= ofqteri—i} ao ee tll (2) 


also ea= €; — @: = a (7; — T:) + 6 (T,? — T.”) 
= {a + b (T; + T2)} (71 — T2) ct eveteevs oe (3) 
Let e« be the e.m.f. units per unit of heat flow, then from (1) and (8) 


_ e@¢ _at+d(Ti+T:) a+2%Tm_ a [4b | | 
w= Fo SK = SK 3K qi tl pele (4) 

from substituting the value cf 7 given by (2). 
With a good grade of constantan wire, commonly used values for the constants 


are: 





Bee I 6 hese dins sk cadnaeinemans (5) 


where ¢ is in microvolts and T' deg. fahr. above 32. 
Using these the portion of (4) under the radical has the following values: 


ém microvolts = 0 1000 2000 3000 4000 
vat = 1.00 1.052 1.104 1.156 1.208 
2 
Equation (4) can therefore be supplanted approximately by 
a 
4 = = ° 51 Mf ceoccccesesecesseore 
e {1 +0.000051 ea (6) 


and have an error of only 0.2 per cent, and thus is practically a straight line. 
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With K constant the plotting of e., or differential microvolts per B.t.u., against 
the e.m.f. of the mean temperature should give a straight line, and little error 
> For thin 
boards éz is so small that it is negligible, so that the e. could be plotted against e; or 
eé, and still give a straight line within the range of experimental error. 


would be introduced if the em were obtained from e plus or minus 
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Fic, 29. 


If K is variable, that is if the thermal conductivity changes with temperature, 
as it does for most materials, then it can be expressed as: 


ca 46 CO 2b 
Kana ery) =e {4 1—(1— 2) 


Therefore 


> Sen +t 
a ca a 





& = ~~. ——__—_—— ee ee et ee ee eee 
Sk 
a ca 


~ When = =l¢@= a that isewisconstant. This gives a value of c = 0.00117 


when a and b have the values used above. 

Fig. 29 shows curves with several assumed values of c. All are approximately 
straight lines within the limit of en = 4000 microvolts. 

If due to the shortness of the differential couple wires, their point temperatures 
are not the same as the surface of the plate, yet, as shown in Appendix A, their 
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actual temperature differences will always be proportional to the plate temperature 
difference. It therefore follows that the slopes of the curves will not be affected, 
and this slope depends only on the values of a, b and c. 


APPENDIX D 


Air Infiltration Through a Porous Wall as Affecting the Heat Transmission 


The assumption is made that the material has fine pores uniformly distributed, 
and the air passing through is thus uniformly distributed. Also that the rate of 
passage is sufficiently slow so that the air will take the temperature of the material 
with which it is in contact. 

The treatment given here will be brief, and the further assumption made that 
the gas at the entering face has the same temperature as that wall face. For small 
flows this assumption will not be far wrong. 

Let Fig. 30 show a section of the wall, the air passing from the hot to the cold 
side, The temperatures are in degrees fahrenheit, and thicknesses in inches. Con- 
sidering 1 sq. ft. of the area, let g = wep, where w = lb. of air passing per sq. ft. per 
hr., and cp = specific heat of air at constant pressure. 

Let H be the B.t.u. per sq. ft. per hr. entering the wall face. This does not 
include that contained in the air entering, but is the same type of flow as occurs 
without the infiltration, and this same heat can be considered all through the 
wall as independent of the heat in the air. 

Since the gas enters with temperature 7; and at a distance z has a lower 
temperature 7’, it has given up an amount of heat g(7; — T). The total heat 
passing across the plane at z is thus H + g(7; — T). It follows that if the 
thermal conductivity coefficient of the material at the temperature T is (a + 67), 


H+oM%—T) =—@tonZ 


Integrating this for the whole wall gives 
gX + b (T; — T:) 


tog {1+ £e—7y } = Fi aaa! (1) 
4 - a+o (44m) 


If the air is passing in the other direction, that is from the cold to the hot side, 
equation (2) still holds, if g be replaced by —g. 

The equations in this form are of interest in connection with furnace walls, in 
which the variation of conductivity with temperature is large, but for ordinary 
temperatures it may be considered constant and (a + b7) replaced by k. With 
air passing from the cold to hot side this gives: 





Fc CE chine o BIN .......0-0.0008e0 (2) 
1—e-% 
also temperature T at z is given by, 
Fm I I oon ccicnssnnwicnsna (3) 
1—e-% 


From equation (3) the temperature curve through the wall can be plotted. The 
H, equation (2), is the total heat lost from the room by conduction. In addition 
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to pounds of air at a temperature 7’, enters the room and this brings up the interest- 
ing problem as to how it should be considered. For small infiltration it will be 
equivalent to being part of or increasing the convection factor of the surface trans- 
mission coefficient. 


APPENDIX E 


Publications Referred to in the Paper 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


Transmission of Heat Through Heavy Building Materials, by A. H. Barker, 
University of London, Department of Heating and Ventilating, Bulletin No. 
2, 1918. It gives a very clear exposition of the principles and records the 
first attempt made to measure the heat flow through a portion of a wall, as 
well as describing the laboratory method used. Apparently a Bulletin 2A 
has been issued. 

Coefficients of Heat Transmission Through Heavy Building Materials Ap- 
proved by the British Institute of Heating and Ventilating Engineers. Pro- 
ceedings V., xlx, 1920-21, p. 228. This isa preliminary publication. Values 
are based on tests at the University of London. 


Cold 








Fic. 30, 


Heat Loss Through Various Types of Building Construction, by L. A. Scipio. 
JOURNAL OF THE AMERICAN Society OF HEATING AND VENTILATING ENGI- 
NEERS, Vol. 27, Sept. 1921, p. 637. Review of results on five test houses 
erected in northern Minnesota. This investigation was not carried very far. 
Building Wall Construction in Wood and Brickwork. Results of experiments 
at the Norwegian Technical Academy, by Professor A. Bugge. Tehnisk, 
Ukeblad, Nos. 43 and 44, 1921. Record of results of 24 experimental dwelling 
houses of wood, brick, tile and cement, which were maintained at an approx- 
imately constant internal temperature during one and one-half winters. The 
houses were complete with cellars, and the relative construction costs are 
given. A full record of this work will be published in English at an early date. 
Heat Transmission Through Building Walls, by Alf Kolflaath, Teknish Uke 
blad, Nos. 38, 39 and 41, 1923. Record of results on an analysis of some of 
the houses of reference 4 by the use of Barker’s Box method. 


Investigations Relating to the Heat-Insulating Efficiency of Building Con- 
struction, by H. Kreuger and A. Eriksson, Academy of Engineering Science, 
Proc. No. 7. Published by The Gunnar Tisell Tech. Pub. Co., Stockholm. 
Issued, 1922. Record of results of their tests to that time. The transmission 
through windows is treated very thoroughly as well as through a variety of 
wall sections. The tests were on the principle of Barker’s box method, the 
walls under tests forming a removable panel of an enclosed chamber within 
another one, the interior of the first being kept at low temperature, and the 
exterior at room temperature. This work is still proceeding. 
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(7) The Transmission of Heat by Radiation and Convection, by Ezer Griffiths 
and A. H. Davis. Department of Scientific and Industrial Research; Food 
Investigation Board Report, No. 9, 1922. Although this investigation was 
mainly for the benefit of the refrigerating industry it is equally useful in 
connection with the surface coefficients of structures. Deals with trans- 
mission across air spaces and from walls of various heights. 


(8) Heat Transmission Through Walls, Concretes and Plasters, by Ezer Griffiths, 
Department of Scientific and Industrial Research; Building Research Board 
Report, No. 7, 1923. Cover tests using the hot plate method on 15 types of 
walls, and 11 plasters. This and No. 7 are obtained from H. M. Stationary 
Office, Imperial House, Kingsway, London W. C. 2, England. 


DISCUSSION 


L. A. Harpine: The Research Laboratory is to be congratulated upon the 
production of such a remarkably accurate and sensitive piece of apparatus. Per- 
sonally, I think the time is about right for the Society to adopt a standard method 
for determining heat transmission and I would like to recommend, that the Re- 
search Laboratory be called upon to present to this Society at its next meeting, 
a code which in their opinion is best adapted for this purpose. 


M. 8. Van Dusen: I would like to reiterate the statement of the previous 
speaker to the effect that Mr. Nicholls ought to be congratulated upon his work 
in actually obtaining the calibration of these plates. 


In dealing with a very thin plate such as that described, there is some possi- 
bility of certain errors being introduced, when the plate is actually applied to 
the wall. When a plate is applied to a wall, there is a certain amount of resis- 
tance between the wall and the plate. However, if the resistance is uniform over 
the surface, it will be all right. If, on the other hand, it is not uniform, there 
is a slightly greater contact effect at one place than another. The average tem- 
perature of this surface of course is given by a large number of thermocouples but 
the temperature distribution over the place is disturbed to a certain extent and the 
heat no longer flows perpendicular to the conductimeter, as it does during calibra- 
tion. Therefore, in actual operation we may have heat flowing in one portion in 
one direction, in another portion in another direction and our calibration will not 
hold for these conditions. 


F. G. Hecuier: For several years members of the A. 8. H. & V. E. have co- 
operated with, and been interested in, the investigations in heat transmission at 
the thermal plant of the Pennsylvania State College, and it has been suggested 
that the Society as a whole would be interested in a brief statement of the progress 
of these investigations. 


The construction of the present heat meters and their application in both the 
laboratory and on the walls of existing buildings is the outgrowth of an interesting 
series of investigations covering some 10 years. The original heat transmission 
laboratory was built in 1910 from designs prepared by L. A. Harding who was then 
Professor of Mechanical Engineering at Penn State. 


Early reports showed that the box method is open to severe criticism for general 
use. When this became evident plans were made by the Engineering Experiment 
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Station for the construction of a guarded hot plate. This plate was designed with 
an effective heating element 2 ft. square surrounded by a 6 in. guard ring which 
permits the use of test specimens 3 ft. square. A preliminary report by Houghten 
and Wood describing the construction and calibration of this plate appears in the 
July, 1921, A. 8S. H. & V. E. Journat. 


The conclusion was reached that the “hot plate” possessed many advantages 
over the box method for determining wall conductivity, so the hot plate was dis- 
carded for the measurement of heat flow in a wall and standard resistance plates 
or “heat meters” were substituted; with the result that conductivity tests made by 
the “hot plate to air” method have given more consistent results than those pre 
viously obtained by other methods. 


With the excellent facilities available it was decided to use the “hot plate” 
method for the calibration of the standard “heat meters.’’ In order to determine 
accurately the heat distribution on the two sides of the hot plate it is necessary to 
use four resistance plates, two on each side of the hot plate. 


The calibration of four '/: in. cork heat meters is virtually completed. Check 
tests made months apart have given consistent results showing the permanency of 
the plates. The calibration of four additional plates, two of Ebony Asbestos Wood 
and two of Transite, is now under way. The application of heat meters for labora- 
tory use is also being tested in connection with materials of known conductivity 
against a tank containing crushed ice. 


The investigations have been going forward steadily, although many interrup- 
tions have interfered with the calibration of these plates. Present progress of the 
work indicates that the results will be available within a few months. 


C. H. Herter: The paper reveals a vast amount of research work in the field 
of heat transmission. A very ingenious heat transmission meter is described 
which should facilitate heat flow measurements. A similar plate was described 
by Houghten and Wood in the July, 1921, and March, 1922, issues of the JouRNAL. 
This being a new development it will take sometime before the apparatus is per- 
fected, so that it will meet all requirements. 


The plates appear to be too good, in that they are too sensitive. Thus from 
Fig. 21, on a 24 in. brick wall, the heat flow seems to fluctuate to such an extent 
that in 60 seconds it changes from 7.7 to 8.2 B.t.u., which as measuring a flow 
through the whole wall would necessitate a change of 3 deg. between surfaces. 
It therefore seems to indicate some variations occurring at the room side of the 
wall when it should show the actual heat flow through the wall. 


In an article, Improvements in Thermometry, (Refrigerating World, Feb., 1923) 
by the writer, a transmission meter designed by E. Smidt is described. It con- 
sisted of a 4 in. square of glass, '/s in. thick with both faces covered with nickel 
foil. This meter was used at the Munich Technical High School against a 1 year 
old brick wall, giving a heat conductivity of 3.71 B.t.u. 


~ Glass would seem to be a desirable material for such plates because it is homo- 
geneous, air and moisture proof, and permanent. If grooving and drilling for 
wires is necessary, this can be done and the glass annealed so as to relieve all strains. 


Those interested in research should examine at least the article on Transmission 
of Heat through Building Constructions, by Prof. O. Knoblanch, E. Raisch and H. 
Reicher in Gesundheits-Ingenieur, vol. 43, no. 52, Dec. 25, 1920, also a 124 page 
book, Die Waerme Verluste Durch Ebene Waende (Heat Losses through Building 
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Walls), by Dr. Karl Hencky. The Germans built sample walls which were weighed 
and took six months to dry out, and then took 16 to 52 days per test to secure 
constant conditions and reliable results. They were not satisfied until the results 
by different methods agreed. From the tests it was possible to secure the neces- 
sary fundamental data, as given in Hencky’s book, by means of which the heat 
flow can be calculated to the same degree of accuracy as may be obtained from 
tests direct. 


P. Nicnotits: Replying to Mr. Herter, the varying flow indicated by the plates 
is not an error, but merely shows that the rate of heat flow into a wall is not constant 
under natural air exposure. Under variable conditions it is incorrect to speak of a 
given value as indicating the instantaneous flow through a wall, since the rate of 
flow will vary at different sections of the wall, as is shown in Fig. 2-C. A meter 
plate will indicate the rate of flow at the position it occupies, and plates put on 
opposite faces of a wall have given flows in contrary directions as would be re- 
quired by Fig. 2-C. 


Glass in itself would be a good thermal resistance material, but would be impos- 
sible to use in large sizes and with a large number of couples. 


W. H. Carrier: I would like to ask Mr. Nicholls if the meter could be ap- 
plied to a ceiling, for example, to be used to insulate against sunlight, if we had a 
concrete roof. You know that when the sun is shining on it the temperature may 
vary from 120 to 150 deg. in the summer time. Would it be possible to get the 
correct transmission of that roof during the period of sunlight and also some method 
of determining the lag of heat transmission similar to the method he showed? 
Would it be possible to make an analysis, in other words, what actually took place 
and then predetermine in other cases what might be expected to take place with a 
roof of somewhat different construction? 


P. Nicnoiis: I regret that the paper was so long that it was impossible to cover 
everything. Most of the questions you will find answered in the paper particularly 
in regard to the applications brought up by Mr. Carrier. When you put the plate 
on a wall all the plate does, is to give the heat flow into the surface from moment 
to moment as long as you like, thus you get a complete record of the heat flow. 


Dr. Van Dusen’s criticisms, are of course possibilities, although in the testing of 
the plates, they were assembled in a bunch and each time I set them up I did not 
get the same exact contact. Sometimes they would be tight at the bottom and 
sometimes I had actual air gaps at one side or the other. When I put air gaps 
between thin plates they did not lie exactly parallel and one part would have a 
bigger bulge, and yet you can see from the paper the variations I got were extremely 
small in percentage. 


F. Paut ANpEeRSON: I would like to make one comment. The essential 
point to bear in mind in reference to this heat meter is that it measures accurately 
the heat passing through. . 


L. A. Harpine: Do we understand this meter is a meter for the conductivity 
of the material only, or are we to understand it is a meter that measures the heat 
passing through a wall from air to air? 


P. Nicuouis: The plate measures the rate of heat flow at the point and if we 
want to derive any constant from it, we have to take our observations over a long 
enough time to get a summation. 
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by infiltration. Both sources of heat loss are of vital concern to the heating 

and ventilating engineer, the architect and the owner. Both are difficult of 
exact measurement and determination of constants which may be used in practice 
with the desired engineering accuracy. As a result, the calculation of heat loss 
from buildings probably involves a greater element of chance than any other 
engineering problem. 


Heat loss by transmission was one of the first problems to receive the attention 
of the Research Laboratory. Total heat loss by infiltration for a room as a unit has 
also received considerable attention. (JoURNAL AMERICAN Society or HEATING 
AND VENTILATING ENGINEERS, January and September, 1921.) In January 1916, 
a paper on Window Leakage by Stephen F. Voorhees and Henry C. Meyer Jr., was 
presented at the Annual Meeting of this Society (Transactions, A.S.H. & V.E., 
22, 1916, p. 183). 


The great need for information regarding infiltration led to the present investi- 
gation of the leakage of air through and around all types of windows and doors 
by the Research Laboratory of the AMERICAN Society oF HEATING AND VENTILAT- 
ING ENGINEERS, in cooperation with the American Institute of Architects and the 
U. 8. Bureau of Mines. The architect is interested in the relative leakage of air 
through various types of windows and doors, with and without weatherstripping, 
in order that he may design a building with the lowest heat loss consistent with 
other considerations. The heating engineer needs the actual leakage through 
and around all types and sizes of windows and doors, or better, through a unit 
length of crack around such openings, in order to more accurately calculate the 
heat loss from any room or building and supply radiation accordingly. 

This report deals with the method employed in the investigation of and results 
obtained for double hung windows, 2 ft. 8 in. x 5 ft. 2 in. x 18/3 in., ina 13 in. brick 
wall, plastered on the inside with cement plaster. Results are given for the leakage, 


H EAT is lost from buildings in two ways: First, by transmission and Second, 
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through such a window without weatherstripping with two types of weather strip- 
ping, around the frame, and through the brick wall itself. 

Leakage of air through cracks around windows and doors, cracks in walls, and 
through the porous materials of which walls are made, takes place in accordance 
with two physical laws. First, there is an interchange of air through the wall 
by diffusion; Second, there may be a current of air through the wall caused by a 
pressure difference set up by the impingeing wind. The first goes on at all times, 
is independent of wind velocity, and is probably negligible. The second takes 
place only when there is a pressure difference between the two sides of the wall. 
Such a pressure difference exists whenever the wind blows against the surface of 
the wall or whenever the direction of the wind toward the wall is changed. For 
any given velocity of wind striking the wall at right angles, there is always a definite 
pressure produced at the surface which tends to cause leakage of air through cracks. 
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Fic. 1. APPARATUS FOR TESTING WINDOW LEAKAGE 


The amount of air leakage for any crack for a given pressure difference is the same 
regardless of whether this pressure is produced by wind or some other cause. 

Uniform air velocities over a large area for a long period of uime are hard to pro- 
duce and difficult to duplicate. It is much easier to produce and duplicate pressure 
differences on the two sides of a window by means of a blower. It was, therefore, 
decided that for this investigation the apparatus should be so designed that a blower 
could be used to produce a pressure drop through the test window built in a section 
of wall. 


Apparatus 

After carefully considering all phases of the problem, the apparatus shown in 
Fig. 2 was designed by and built under the direction of the Research Laboratory. 
In many respects it is similar to the apparatus used by Voorhees and Meyer in the 
work previously mentioned. The apparatus is built of 18 gage galvanized iron, 
and consists of a pressure chamber A and an air collecting chamber B separated by 
a section of wall including the particular window or door to be tested. Air pressure 
is produced in the first chamber by means of a motor driven blower, and the volume 
of air passing through the wall is measured by the orifice box C. The test wall, 
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10 ft. high x 6 ft. 6 in. wide, is built in the collecting chamber section flush with its 
outer edge and the pressure chamber section of the apparatus bolted on later. 
The desired pressure is produced in A by varying the inlet of the blower, and by 
means of a butterfly damper and relief slide in the connection between the blower 
and A. Chamber A is substantially air-tight although the requirements of the 
investigation do not demand that it be absolutely so. A door, 4 ft. x 1 ft. 6 in., 
allows entrance into this chamber to make any changes in the opening under 
study. The present blower has a capacity of 1100 cu. ft. per min., at 5 in. water 
pressure. Chamber B must be air-tight so that all air passing through the test wall 





PRESSURE AELIOP BLIOE 






THERMOMETER 













c 


@ 
































r ELEVATION 
TO ELECTRICAL SUPPLY L1nE | 
MOTOR £ 
ae 
OA : 3 
NI 8 
SAWS 
$ y 2 Onirice Box n 
; 5 onirrce RAE, 
Pr T 
i 3 
° 
- 
INCLINED NANOMETER WANLEN OAGt PLAN 


Fic. 2. DIAGRAM OF APPARATUS FOR TESTING WINDOW LEAKAGE 


must pass through the orifice box used for measuring itsvolume. Every precaution, 
including soldering and painting the joints, was taken to make this part of the ap- 
paratus tight. Tests which will be described later in the report show that this 
condition was practically obtained. 


The orifice box is one used by the Bureau of Mines for measuring the flow of 
steam and air in connection with boiler tests. The box is cylindrical in shape, 24 
in. in diameter, with the orifice plates in the end. Orifice plates with openings 
varying from 1°/3: in. to 5 in. in diameter were made so that they were easily inter- 
changeable. These were carefully turned out in the instrument shop of the Bureau 
of Mines in accordance with R. J. Durley’s specifications. The law of the air flow 
through orifices has been well established by Durley (A.S.M.E. Transactions, 
Vol. 27, p. 193) and others, and is given by the equation: 


Q = 1096.5C A \2 (1) 
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quantity of air, cu. ft. per min. 
= area of orifice in sq. ft. 
pressure head in inches of water causing flow through the orifice 
weight of air in pounds per cu. ft. 
coefficient of discharge 
The coefficient of discharge used is 0.6 because it approaches this value at the 
pressures obtained for all the orifices used. 


The pressure drop through the orifice which in this case is the difference between 
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Fic. 3. Detams of WINDOW WITHOUT 
WEATHERSTRIPPING 


the pressure in the orifice box and the atmosphere, was measured by a Wahlen 
gage accurate to 0.0001 in. of water. This gage was developed at the University 
of Illinois and is fully described by A. C. Willard in the University of Illinois Engi- 
neering Experiment Station Bulletin 112. 

While the accuracy of the orifice method of measuring air flow is well accepted 
by those familiar with its use, it was thought desirable to compare it with some Other 
method. The orifices in the box as used in the tests were compared with a dry gas 
meter used as a standard in the meter testing laboratory of the Equitable Gas Co., 
Pittsburgh. These tests showed that the results for the orifices using the equation 
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given above were more consistent than those for the gas meter with which it was 
compared. As a further check of the relative readings of the various sized orifices 
they were compared with each other and with duplicate orifices by placing a second 
orifice in the window opening in the test wall in series with the box. This was 
done when the total leakage through the wall was reduced to a negligible but known 
value. 

The pressure drop through the test wall was measured by an inclined U-tube 
gage of a particularly accurate type designed and built by the Bureau of Mines. 


CAOLKIAG 


CAULKIAG | } 








Fic. 4. Dstams of WInDow wiTH RIB 
Type WSATHERSTRIPPING 


It was compared with the Wahlen gage and found to be accurate to 0.003 in. of 
“water. The two legs of this gage are connected by rubber tubing to chambers 
A and B. 

A test of any particular window was made by regulating the blower pressure so as 
to give the desired pressure drop through the window indicated by the differential 
gage. The size of the orifice chosen for any test was such as to give a pressure in 
the orifice box of from 0.3 to 0.7 in. of water. When these conditions were main- 
tained for a sufficient time to insure equilibrium, the two pressure gages were read 
simultaneously. By repeating the tests for a large number of pressure differences 
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through the window, data was obtained for plotting a curve giving leakage through 
the wall in cu. ft. per min. against pressure differences in inches of water or wind 
velocity. All velocities and volumes given are for air weighing 0.07488 Ib. per cu. 
ft. corresponding to air having a barometric pressure of 29.92 in. of mercury, a dry 
bulb temperature of 68 deg. fahr. and 50 per cent relative humidity. Many 
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Fic. 5. DetTar.s or WINDOw WITa INTER- 
LOCKING TYPE WEATHERSTRIPPING 


tests in such a series were repeated after opening and closing the window and also 
after taking the sash out of the frame and replacing it. 


Data and Results 


The results given in this paper are for a double hung window, 2 ft. 8 in. x 5 ft. 2 in. 
x 1*/, in. in a 13 in. brick wall plastered on the inside with cement plaster. The brick 
wall was built, the plastering was done and the window hung by mechanics in the 
employ of large contracting firms in the city of Pittsburgh. The work was done 
according to specifications supplied by and under the direction of 8. F. Heckert, 
representing the Structural Service Committee of the American Institute of Archi- 
tects. All changes in the window, such as hanging new sash and applying weather- 
stripping, were made also by mechanics under his direction. Every precaution 
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was taken to make the wall and window represent work done by the ordinary con- 
tractor under the supervision of an architect. The sash and frame were given 
three coats of paint. Fig. 3 is a vertical section through the unweatherstripped 
window with a horizontal section through one side of the frame. 

For convenience in presenting, the results are given in two sections. First, 
those obtained in a preliminary series of tests on the unweatherstripped window 
in the wall as built, and with certain changes such as calking the frame, sealing 
cracks, and painting the wall; Second, results obtained from a large number of 
tests with various sash hung under different conditions with and without weather- 
stripping. 

Preliminary Tests 

Preliminary tests were made in order to study the working of the apparatus itself 

and in order to differentiate between the various channels of leakage through the 
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Fic. 6. REsuLTsS oF TESTS OF LEAKAGE THROUGH VARIOUS PaRTS OF 
WINDOW AND WALL 


window and wall. Leakage through the window may be divided into the follow- 
ing parts. First, that which passes through the cracks, around the sash perimeter 
which are subject to weatherstrip application; Second, that which passes through 
the cracks between the frame and the brick and can be eliminated by calking 
under the staff bead or brick mold. This may be called the frame leakage. Third, 
leakage through other cracks in the frame or sash which cannot be eliminated by 
either weatherstripping or calking and may be called the “elsewhere’’ leakage. 
* Before making the first series of tests, the joint between the brick and the cham- 
ber wall was calked so that all leakage would take place through the wall or window. 
In all other respects, the wall and window were in the condition in which they were 
left by the mechanics, the sash having been fitted as tight as would allow free slid- 
ing, though probably tighter than would be allowable in actual construction be- 
cause of swelling in rainy or damp weather. The window was left unlocked. A 
large number of tests were made with various pressure drops through the wall, 
many of them being duplicated several times after opening and closing the 
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window, in order to determine the variation due to the way in which the window was 
closed. No care was taken to close the window in any particular way other than to 
see that the lower sash was pushed down against the sill and the upper sash raised 
until the meeting rails were even. Curve 1, Fig. 6, shows the leakage for this con- 
dition for various pressures or wind velocities. The shape of the curve is charac- 
teristic of all curves obtained with the various conditions of the window and, as 
would be expected, shows the same characteristics as the curve for the flow of air 
through an orifice. For a pressure difference of 0.1 in. of water through the 
wall corresponding to a wind velocity against the wall of 14.4 miles per hr., 42 cu. 
ft. of air per min. passed through the window and wall. With a pressure drop 
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Fic. 7. REsuLts oF TESTS ON WINDOWS WITH VARIOUS 
CRACKS, SHOWING VARIATION IN LEAKAGE FOR DIFFERENT 
TEsTs ON SAME WINDOW 


through the wall of 1 in. of water, corresponding to a 45.5 mile wind velocity, 
174 cu. ft. per min. passed through. 

The second series of tests was made under the same conditions as the first series 
excepting that the window was locked. Curve 2 shows the leakage for various 
wind velocities for the locked window. Locking caused a reduction in leakage of 
20 cu. ft. per min. with a 14.4 mile wind and 64 cu. ft. per min. with a 45.5 mile 
wind. The third series of tests was made with the cracks around the sash perimeter, 
which are subject to weatherstrip application, sealed with a rubberized adhesive 
tape. This tape was tested and found to be as effective as a plastic calking compound 
and was more easily and quickly applied and removed. The leakage for this series 
of tests is given in Curve 3, and the difference between this curve and Curve 1 
or 2 indicates the maximum possible reduction in leakage by a perfect weatherstrip. 

Before making the next series of tests the staff bead, or brick mold, was removed 
and the crack between the frame and the brick wall calked. The brick mold was 
then replaced. Calking was also applied between the frame sill and the brick. 
The leakage for this condition is given in Curve 4 and the difference between Curve 
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4 and Curve 3 gives the leakage between the framé and the wall, commonly called 
the frame leakage. 

In order to determine the elsewhere leakage, a sheet of galvanized iron was fast- 
ened by screws over the entire frame and the edges were sealed with calking 
compound. The leakage for this condition is given in Curve 5. The difference 
between Curve 4 and Curve 5 is the leakage stopped by the galvanized iron and is 


the elsewhere leakage. 


Curve 5 shows a considerable leakage which does not go through the window 
opening, but through the brick wall and the plaster. To prove that this leakage 
was really through the brick wall, the wall was painted one coat with asphaltum 
paint and another series of tests made. The result of this series is shown in Curve 


6. The difference be- 
tween Curves 5 and 6 
represents the leakage 
stopped by one coat of 
paint. The wall was 
then thoroughly in- 
spected and any visible 
cracks in the mortar 
closed with calking com- 
pound and given second 
and third coats of paint 
after each of which ad- 
ditional series of tests 
were made resulting in 
Curves 7 and 8, respec- 
tively. These curves 
show the reduction in 
leakage through the wall 
by each coat of paint. 
Another coat of paint 
was applied later and 
the leakage through the 
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Fic. 8. RESULTS OF TESTS ON WINDOW WITH 1/16” CRACK 
AROUND PERIMETER 


wall was further reduced 

to one half of that shown in Curve 8. The total leakage through the entire wall 
had been reduced by the various processes from 4.5 cu. ft. per min. to 0.2 cu. ft. 
per min. for a 14.4 mile wind, and from 28 cu. ft. per min. to 0.9 cu. ft. per min. 
for a 45.4 mile wind. No doubt further painting would have reduced the leakage 
still more, but that shown by Curve 8 was so small that it was considered negligible. 


With the leakage through the window and wall reduced to a minimum, some 
special tests were made in order to determine the magnitude of any leakage which 
might occur from chamber B. The leakage through the wall and window as in- 
dicated by the orifice reading is too small by the amount of the leakage from cham- 
ber B. While every precaution was taken to eliminate this leakage, it was not 
possible to doso entirely. However, as shown by the following tests, it was neg- 
ligible. 

When the leakage through the wall as shown by the orifice reading was reduced 
to a minimum, a pressure drop of 1.5 in. of water through the wall, gave a pres- 
sure difference of 0.066 in. between the second chamber or orifice box and the 
atmosphere when a °/s in. orifice was used. That is, 1.41 cu. ft. per min. passing 
through the orifice and an unknown amount which we will call z was leaking from 








114 TRANSACTIONS AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 


the second chamber. The leakage through the wall was then 1.41 + z cu. ft. per 
min. We wish to determine the value of z for all pressures. Since x cu. ft. per min. 
were passing through minute openings with an orifice pressure p, x is given by the 
orifice formula as: 


2 = 10965CA y2 (2) 


where the various symbols have the same significance but probably not the same 
values as given in equation (1). A and C are not known but are constant for the 
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Fic. 9. ReEsuLTs oF TESTS ON WINDOW WITH 1/3” CRACK 
AROUND PERIMETER 


same conditions and w is also constant; A C and w can therefore be included with 
the numerical constant 1096.5 as K. Our equation then becomes, 


z=K~Vp (3) 


and the leakage from the second chamber for an orifice pressure of 0.066 in. becomes: 
z=K V/ 066 
The leakage through the wall for any pressure drop may likewise be expressed as: 
y= Ki Vp (4) 
and for a pressure drop of 1.5 in. as, 
y = Ki V1.5 = 141 + K -V.066 (5) 


The orifice was eliminated by using a plate without a hole and the leakage through 
the wall became equal to that from the second chamber. The pressure drops ob- 
served through the wall, and between the second chamber and atmosphere were 
0.045 in. and 0.701 in., respectively; therefore, 


y= Ky V .045 = x 
=Kv.701 (6) 
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Solving equations (5) and (6) simultaneously gives K = 0.308 and the leakage from 
the second chamber for all pressures becomes, 


Q = 0.308 ~/p (7) 


This gives a leakage from the second chamber of 0.258 cu. ft. per min. for an 
orifice pressure of 0.7 in. of water, the maximum used in the tests. This leakage 
is entirely negligible in comparison with the results obtained. 

When the galvanized plate and the tape were removed from the sash perimeter 
cracks, tests were made in order to check the decrease in leakage resulting from their 
application. The calking around the frame and the paint on the wall was not re- 
moved after having been applied, so that the curves in all figures after Fig. 6 do not 
include the frame and wali leakage, and show only the leakage through the window. 


Tests on Windows with and without Weatherstripping 


After completing the preliminary series or tests, a large number of tests were made 
with a number of sash with and without weatherstripping and with various width 
of crack around the sash perimeter. As was mentioned before the preliminary 
tests were made with a sash too light for practical purposes. Tests were made 
with cracks of 1/1, !/s, °/1¢ and '/, in. on both sides, top and bottom of the sash, 
without weatherstripping and with two types of weatherstripping. The size of the 
crack was increased to approximate the condition of windows that become loose, 
as is found in old buildings. 

In these tests the sash were often changed and at least two different sash were 
fitted and tested for each condition. Figs. 4 and 5 show vertical sections of the win- 
dow with the two types of weatherstripping together with horizontal sections 
through one side of the sash and frame, and also detailed sections of the various 
weatherstripped cracks. 

The curves in Fig. 7 show the variation in data obtained for different windows 
fitted in the same way, for the same sash removed and replaced several times; 
also the leakage for tight windows and the effect of sealing the pulley holes. The 
five curves for the unlocked window with !/1. in. crack show the variation which can 
be obtained for the same window under different conditions and for a second window 
fitted as nearly the same as could be done by a carpenter. The greatest variation 
from the mean of the five series of tests is about four per cent. The variation 
in the leakage of the same window locked shows the effect that locking may have. 
The main effect of locking is on the leakage through the meeting rail crack. The 
lock on the sash giving the three solid line curves was put on by the carpenter in 
the usual manner. The lock on the sash giving the curve with the short dashes 
was put on by a member of the laboratory staff in such a manner as to draw the meet- 
ing rails together as tightly as possible. The locks on the weatherstripped windows 
were put on by the carpenter. Locking caused no reduction in leakage for these 
windows. 


The tight window was fitted so as to allow opening without great difficulty. 
The very tight window required considerable effort in opening. 

In the tests for “elsewhere” leakage the cracks around the upper sash were sealed 
on the inside because the weatherstripping was put on the inward side of the pulley 
holes and thus would not reduce the leakage through these holes. The cracks 
around the lower sash were sealed on the outside because the weatherstripping was 
applied near this side of the sash. A series of tests was made in order to determine 
the percentage of the elsewhere leakage which passed through the outer pulley 
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holes into the weight box and out through the inner holes or through cracks in the 
frame. Curves in Fig. 7 show that more than half of the elsewhere leakage oc- 
curred through these holes. 

Figs. 8 to 11 give the results for the various sized cracks without weatherstripping, 
with two types of weatherstripping, and with 100 per cent weatherstripping, that 
is, with the cracks subject to weatherstrip application sealed up thus allowing 
only the “elsewhere” leakage. In each case the curve given is the average of sev- 
eral tests. 

The curve for the unlocked window with the !/, in. crack as obtained from the 
test data shows less leakage than the same condition with smaller cracks. While 
this is contrary to what might be expected it can be explained and corrected as 
outlined in the following paragraphs. 

In testing the windows without weatherstripping, the lower sash was pushed down 
against the sill and the upper sash raised until the meeting rails were even. Be- 
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Fic. 10. RESULTS OF TESTS ON WINDCW WITH ?/;6” 
CRACK AROUND PERIMETER 


cause of the construction of the meeting rails, raising the upper sash beyond this 
point would reduce the crack between them. With the '/,in. crack and the meeting 
rails even, it was found that the upper sash would just come up to the edge of the 
outside stop on the head of the frame. This stop extended '/2 in. from the frame. 
Also, if the sash were not planed off parallel to the head stop, there would be a visi- 
ble crack. In order to get a test, the conditions of which would compare with the 
conditions of the preceding tests, the upper sash was raised until it was above the 
edge of the head stop. By doing this, the crack between the meeting rails was de- 
creased and the resultant leakage was less than that for the smaller cracks. In 
order to correct for this decrease, a series of tests was made with the crack between 
the meeting rails sealed. The results of this series are shown in Fig. 11. Curve 2 
shows the leakage with the crack between the meeting rails not sealed and Curve 
3 the leakage with the same crack sealed. The windows with the '/1 in., 1/sin., 
and */1 in. cracks were then tested with this crack sealed to determine the leakage 
between the meeting rails with the members even. The leakage thus found, sub- 
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tracted from that found without this.crack sealed, represents the leakage through 
it. This proved to be much greater than that found in the tests on the window 
with '/, in. crack with the meeting rails uneven. Also it was found to be practi- 
cally the same for all three windows. An average was taken and the leakage for the 
window with 1/, in. crack corrected accordingly. Curve 1, Fig. 11, shows the cor- 
rected values. The difference between Curves 1 and 2, Fig. 8, shows the leakage 
between the meeting rails for the window with '/15 in. crack. These tests also 
showed that the leakage for all the windows with the crack between the meeting 
rails sealed was practically the same. 

An examination of the curves for a plain window with different size cracks 
shows only a small variation for the three smaller ones. Various factors must 
be taken into consideration to account forthis. The thickness of the sash is 13/s, 
in. and it slides in a 17/1 in. groove. If the sash were held in the middle 
of this space between the stops there would be a crack '/;: in. wide on either side. In 
this position the smallest crack around the edge of the sash through which air must 
pass is a maximum. The moment the wind strikes the window it tends to move 
it against the inside stops, thus increasing the crack on the outside but decreasing 
the crack on the inside. Since leakage depends largely upon the minimum width 
of crack around the sash perimeter, it is limited by the tightness with which the 
sash is forced against the stops. Increasing the width of crack around the edge 
of the window does not increase the minimum crack width and hence the leakage 
is not increased measurably. 


When weatherstripping is used the window is held in the middle of the groove. 
The cracks between the members are so much smaller in comparison with the 
unweatherstripped window that a small variation in this crack will cause a mea- 
surable variation in the leakage. The curves for the weatherstripped windows 
show a corresponding increase with size of crack. 


Tables 1 and 2 contain data taken from the curves Figs. 6 to 11 or resulting there- 
from. Table 1 gives the leakage in cubic feet per minute for the whole window and 
per linear foot to crack, for wind velocities of 14.4 and 24.9 miles per hour. It is 
of interest to note that for a plain window with crack varying from 1/1 to 1/, in. 
the leakage is 46 cu. ft. per min., while for the two types of weatherstripping tested 
it varies from 9 to 18 and 7 to 10 cu. ft. per min. respectively. The heat loss is 
given for two temperature differences. The heat loss for any temperature differ- 
ence varies directly as the leakage. The radiation required to supply this heat 
loss is given for the higher temperature difference only, since it must be supplied 
for the maximum condition. With a 14.4 mile wind based upon the above tem- 
perature difference the unweatherstripped windows with cracks varying from '/1. 
to 1/4 in. required 14.6 sq. ft. of radiation, while the same windows with the two 
types of weatherstripping require only from 2.8 to 5.7 and 2.2 and 3.2 sq. ft. respec- 
tively. Basing the cost of radiation on $2.00 per sq. ft. installed, the two types of 
weatherstripping will show a resulting decrease in first cost of radiation of about 


$18.00 and $23.00 per window respectively. The further saving in coal per year 


based upon a seven month heating season with an average temperature difference 
of 35 deg. is also given. 


Table 2 gives the ‘‘elsewhere,” wall, and frame leakage, and also the leakage 
through with the window with and without weatherstripping for various wind 
velocities. 


Perhaps the most surprising fact brought out by this table, if not by the whole 
investigation, is the leakage per square foot of wall. With a 15 mile wind each 
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square foot of the 13 in. wall, plastered on the inside, allowed the passage of 
0.111 cu. ft. of air per min., while the leakage through the window and frame 
for the same wind velocity was 47.5, 9.7, and 7.8 cu. ft. per min. for the 
plain window and two types of weatherstripping respectively. The area of 
the window and frame is 16.25 sq. ft. giving a leakage of 2.82, 0.597 and 
0.48 cu. ft. per min. per sq. ft. of window without and with the two types of 
weatherstripping. Based upon these figures the leakage through the window 
and frame varies from 4 to 28 times that through the same area of wall. When 
we take into consideration the usual greater area of wall to. window, it is 
evident that the leakage into a room is usually greater through the wall than 
through the window if weatherstripped, and not many times less if not weather- 
stripped. It is of interest to compare the heat loss through windows and 
walls by transmission and by leakage. The leakage for the plain window and 
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Fic. 11. ReEsuLts oF TEsTs ON WINDOW WITH !/,” CRACK 
AROUND PERIMETER 


with two types of weatherstripping all for '/:s in. crack and a 15 mile wind 
is 47.5, 9.7, and 7.8 cu. ft. per min. respectively, representing a heat loss of 
2580, 527, and 423 B.t.u. per hr. respectively for a 50 deg. temperature difference. 
A leakage of 0.111 cu. ft. per min. per sq. ft. of wall represents a heat loss of 6.03 
B.t.u. per hr. for a 50 deg. temperature difference. Taking the transmission 
through the wall as 0.28 B.t.u. per hr. per sq. ft. per degree temperature difference, 
this loss is 14 B.t.u. per hr. for the same temperature difference. The heat loss as 
thus indicated by infiltration is 43 per cent as great as the heat loss by transmission 
as indicated by the constant used. 

The values given in the table are from the tests and are. probably somewhat 
higher than those actually found in practice. They represent the leakage when 
the pressure drop through the window is a certain vajue which represents a definite 
wind velocity at right angles to the window. If the wind strikes the window at an 
oblique angle the component of the velocity at right angles to the window must be 
considered. Pressure difference between the outside and the inside surfaces of the 
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window for an actual wind will be slightly less for a given velocity because of a 
building up of pressure within the room before the air leaks out the opposite side of 
the building. Attention is called to the fact that air leaks in on the windward 
side of the building and out on the leeward side and, since wind will blow from var- 
ious directions at different times, heating for any room having only one exposure 
must be based on the maximum loss. The heating plant, however, need not be fig- 
ured on the sum of all maximum leakages but in general only half of the total. 
However, the tables give accurate comparative figures which are probably not much 
too high for actual practice. In order to apply these values, a further study of the 
overall results as found in practice should be made, and the figures modified, if nec- 
essary, to fit practical conditions. 


DISCUSSION 


W.H. Carrier: About 15 years ago, I believe, we had a paper presented before 
this Society on window leakage. It would be very interesting to compare the 
work that was done at that time with what we have tonight. 


E. 8. Hatuett: I have been talking tight windows for several years, because 
they affected my work so much. When we went to recirculate all of the air, it 
became necessary to have tight windows in order to obtain good results. The 
fact that caulking frames and the improved window strip has done so much good is 
amazing. 
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THE PRODUCTION AND MEASUREMENT 
OF AIR DUSTINESS 


By MarGaret INGELSs,! PirrspurGH, Pa. 


MEMBER 


the amounts of dust is to be tested over a wide range. It is unsatisfactory 
to depend on naturally dusty air because its degree of dustiness is con- 
stantly changing. 


Dust Liberator 


A IR with various degrees of dustiness is needed if an instrument for measuring 


To introduce dust in the air is a simple problem. To produce a uniformly 
dusty air for a period of several hours is a problem whose difficulty can be realized 
only by those scientists who have worked extensively with dust. 











Fic. 1. Dust LIsERATOR 


An apparatus has been developed in this laboratory for adding dust to room air. 
A diagrammatical drawing of this apparatus is shown in Fig. 1. A motor-driven 
worm and gear turns a pulley buried in a supply of dust, in a galvanized iron box. 
Near the top of the box, and above the dust level is a second pulley. On these two 
1 Research Head, A.S.H.&V.E. Laboratory. 
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pulleys rides a belt carrying small buckets. The buckets pick up a load of dust, and 
empty it, refill and empty again continuously. This keeps a large amount of dust 
floating in the air in the box. On one side of the box, air is blown in by a small 
centrifugal fan, which keeps a constant pressure in the box. On the opposite 
side of the box is a small outlet through which the air and floating dust flow. The 
constant pressure keeps the air flow constant; the amount of floating dust is 
constant, therefore the dust liberated is constant. A screen is placed about 10 
inches from the outlet to remove by impact large particles of dust that are carried 
only by the high air velocities. There is nothing about the apparatus to clog up 
with dust. A special arrangement connected to a pulley prevents the dust in the res- 
ervoirs from banking up. The continuous pressure in the box prevents puffs of 
dust. The amounts of dust are varied by changing the pressure. 


There is no way of determining the amount of dust liberated, but the dust that 
remains in the air is all that will be of interest. 


A Sfotic Pressure Gages 
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Fic. 2. Set-up For AIR WASHER TESTING 





Dusts 


In the following tests three dusts are used. One called “Room Dust”’ is the dust 
found in usual Pittsburgh air. The others are two sizes of powdered coal dust. 
It is possible to get coal dust in large quantities, a small deposit can be seen on 
white filter paper, and the U. 8S. Bureau of Mines equipment can be used to size it. 
One coal dust is that which was passed through a 200-mesh sieve and remained on 
top of a 300-mesh sieve. Its particles are from 70 to 140 microns in diameter. 
The other coal dust is that which was passed through a 300-mesh sieve. Its particles 
are 70 microns and less in diameter. Under the best conditions the smallest 
particle a human eye can see is from 30 to 50 microns in diameter. 


Air Circulation System 


The application of the Anderson and Armspach Dust Determinator for measur- 
ing the efficiency of air cleaning equipment is to be studied in this laboratory. 
For this work an air circulating system has been installed. A drawing of this 1m- 
stallation is shown in Fig. 2. The dust liberator is placed at the air inlet and 
samples taken in the duct at points 1-2-3-4-5-6, x and y. The air is drawn 
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through a typical air washer into a fan and blown through a duct into the tunnel 
under the floor. The air quantity is varied by the use of the hand-controlled 
damper in the outlet duct. 


Dust Chart 


Six laboratory dust determinators, shown in Fig. 3, are set up for this work 
with dust. These six determinators should check each other if all samples are taken 
from the same air. Tests were run as follows to see how the determinators would 
check. When room dust is used, the dust determinators are placed as close to- 
gether as possible and air from the room is drawn directly intothem. When the coal 
dusts are used the air is drawn from the intake of the washer, into a distributing 
box made of galvanized iron. All six determinators draw air from this distributing 
box an“ should get air of equal dustiness. 





Fic. 3. Group oF Srx Dust DETERMINATORS IN LABORATORY 


Figs. 4, 5 and 6 show the filters from room dust—small size coal dust and large 
size coal dust, respectively. Three tests were taken for each dust, and six de- 
terminations made in each test. The shades of the filters for each test indicate 
that air of equal dustiness is sampled by all of the determinators. 

The curves in Fig. 7 show the data for these tests. All tests are one-half hour 
in length and pressure drops in inches of water across the filter are read every 
five minutes. The filter medium is A. D. Little, 7 em., chemical filter paper and the 
air flow is kept constant at 0.4 cu. ft. per min. 

It will be seen from curves in Fig. 7 that the pressure drops across clean filters 
(that is zero time readings) vary from 3.55 in. to 6.2 in.; also that for any one test 
the higher the initial pressure drop the greater the rate of increase in pressure 
difference for the same dustiness. 

It is not possible to get filters which will always have the same initial resistance 
for an equal rate of air flow. It is necessary to determine a relation between the 
rate of increase in resistance for a dust deposit and the initial resistance of the paper. 
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Fic. 4. RESULTS OF 
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The pressure drops for different rates of air flow are determined for several 
A. D. Little chemical filter papers. The actual test data and four estimated curves 
are shown in Fig. 8. At low pressures these curves approach straight lines, but as 
the pressures increase there is less increase in the volume of air. This is character- 
istic of orifice curves, therefore the filters will be considered as orifices and assump- 
tions made accordingly. 

An orifice is usually used to measure the quantity of air. The pressure, area and 
weight of air are determined from tests. The coefficient of discharge for thin plate 

orifices and pressures 
not above six inches is 
approximately 0.6. The 
equation is used to solve 
for Q. 

The filter considered 
as an orifice is more 
complicated. The air 
quantity remains con- 
stant, the area changes, 
the coefficient of dis- 
charge changes and the 
pressure drop changes. 
A clean paper has a fixed 
orifice area as long as it 
remains clean, but when 
dust is deposited, the 
area of the orifice be- 
comes smaller, and as 
the deposit increases the 
area of the orifice ap- 

.proaches zero. At the 
same time the pressure 
is increasing. As the 
Test No area of the orifice be- 
comes smaller, the co- 

Fic. 6. THREE Tests of LarcE SizE Coat Dust efficient of discharge 

Coal dust that passed through 200 mesh screen and stayed on top becomes larger, and ap- 
6 a ae room air—maximum size = 140 microns, proaches lasa limit. 

In the AMERICAN 
Society or HEATING AND VENTILATING ENGINEERS’ GUIDE, 1922, p. 170 the equa- 
tion for the discharge of an orifice is: 


Large 5ize Coal Dust 


es ee * 











‘ pd 
Q = 1096.5k A vz 


Cu. ft. per min. 

coefficient of discharge. 

area of orifice in sq. ft. 

pressure in inches of water. 

Weight of air in lb. per cubic feet = 0.07488 standard condition. 

The pressure and cubic feet of air flow for each filter are read from curves in 
Fig. 8 and are tabulated as shown in Table 1. Column 1 shows the name of 
the filter, Column 2 gives the pressure and Column 3 gives cubic feet of air. 
Using the orifice formulae in the form of: 


or 
ll 
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e.f.m. X 00002495 
Vp 


and solving for kA the figures for Column 4 are obtained. An arbitrary value of k 
must be assumed, and its variation for each filter, air quantity and pressure figured. 
The greater the pressure the greater the coefficient of discharge. For filter C and 
14 in. pressure, k is assumed 0.90. If this value is either too high or too low the 
other values of k will also be too high or too low—but the ratios of the values will not 
be changed. With k = 0.90 for filter C and 14 in. pressure, and kA 0.0000423, 
A will equal 0.0000496 sq. ft. This area remains constant for there is no dust de- 
posit, so the value of k can be found for each pressure of filter C. k equals 0.37 
when p = 2in. The area of each filter is figured by assuming k = 0.37 for 2 in. 


kA = 
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Pressure Drop Acress Fillers in nches of Water 
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Time of Readings in Minutes 


Fic. 7. Rg&suits oF Tests oF Room Arr AND CoaL Dust 


pressure. As the area remains constant for each filter the value of k can be figured 
for each pressure. These values are given in Column 5. In Column 7 is given the 
pressure for 0.4 cu. ft. per min. for each filter read from curves in Fig. 8. 


In Fig. 9 are shown curves with the values of k plotted against cubic feet of air 
flow, for each filter. The Anderson and Armspach Dust Determinator uses 0.4 
cu. ft. per min. through the filters so the values of k are needed for this air quantity 
only. With the values read from curves in Fig. 9, the relations of k to the orifice 
area for 0.4 cu. ft. per min. and the relations of k to the pressure difference for 0.4 
cu. ft. per min. are shown by curves in Fig. 10. Using these curves a relation of 
pressure difference to area of orifice is determined and shown in Fig. 11. With 
this curve a theory will be set up and actual tests made to see if the theory works 
out in practice. 

A filter paper consists of an infinite number of small holes through which the sam- 
pie of air passes. These holes will be considered as one opening whose area is 
equal to the total area of the small holes. This total area will act according to 
laws of an orifice, and will be referred to as the free area of the paper. 


All filters requiring the same pressure to produce 0.4 cu. ft. per min. air flow will 
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have equal free areas. If a filter has such an area as to require z inches of pressure to 
give 0.4 cu. ft. per min. flow, and dust is deposited on the filter until a pressure of 
2z inches is needed, then the area has been decreased. Equal dust deposits will 
decrease the free area of the filter by a constant area, regardless of the initial free 
area of the filter. Consider a filter which has a comparatively large area of x 
square feet and dust is deposited on the filter to decrease the area by a, the new 
area of the paper is x — a. A second filter whose area is x/3 collects the same 
amount of dust and its area becomes x/3 — a. The decrease in area of each 
filter is equal, but the increases in pressure do not correspond as the coefficient of 
discharge—k—of the orifice formulae does not remain a constant. k varies and 
becomes larger as the area becomes smaller. The differences in pressure due to 
constant decreases in area vary and become greater as initial areas become smaller. 


a N be 
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Cubic Feet of Air per Minute Passing thru Fitter. 
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Pressure Drop Across filter in inches of Wolter 


Fic. 8. CHARACTERISTIC CURVES OF FILTERS SHOWING INCREASED 
PRESSURE DIFFERENCE WITH INCREASED AIR FLOW 


The free area of a filter having 2 in. pressure drop is equal to 0.0001912 sq. ft. 
The free area of a filter having 3 in. pressure drop is equal to 0.0001390 sq. ft. 
These areas are read from the curve in Fig. 11. If a filter has a pressure of 2 in. 
and collects dust until it has a pressure of 3 in., the area has been decreased 0.0000512 
sq. ft., that is the area of the dust deposit is equal to 0.0000512 sq. ft. By using 
each pressure and determining the decrease in area for each other pressure, figures 
for the initial resistance lines of the dust chart are obtained. This chart is shown 
in Fig. 12. If k were a constant the decreases in area would be read along horizontal 
lines. Corrections must be made for the variations of k. The coefficient of dis- 
charge is the per cent of orifice area that is effective. If comparisons are to be made 


of filters with unequal areas, a relation of their effective areas must be found. 


Curves drawn showing the variations of k will also give the relations of effective 
areas. Comparisons of filters with unequal areas can be made along these curves. 
They are called lines of equal dustiness on the dust chart. 

If a filter has an initial pressure of 2 in. and a dust deposit causes the pressure to 
increase to 3 in. for 0.4 c.f.m. air flow, the amount of dust deposited is found as 
follows: 
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On the zero line of the decrease in area scale, find the point where the initial 
pressure is 2in. Follow this line until it crosses the 3 in. pressure line. Read the 
decrease in area caused by this dust; this is equal to 0.000052 sq. ft. It will be 
seen from the equal dustiness line that for this same dust deposit a filter with an 
initial pressure drop of 7 in. would have a final pressure of 10.2 in. To make any 
readings of dustiness find the initial pressure line for the filter used and follow this 
line until it crosses the average pressure difference line. From this point of inter- 
section follow along the equal dustiness line to the 2 in. initial pressure line as 
a base and read the decrease in area due to the dust. 
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Fic. 9. Curves SHOWING VARIATION OF k FOR 
DIFFERENT AIR FLOW THROUGH METER 


Ten tests on room air, three tests on air containing small size coal dust, and four 
tests on air containing large size coal dust are made to learn if the dust chart will 
check. 

Six simultaneous determinations of dust are made in each test. The dust chart 
is used to correct the determinations where the filters have various initial resistances 
to a 2 in. initial resistance base. In every test the six determinations checked 
each other with a maximum variation of 10 per cent from the average, and a mini- 
mum variation of 5 per cent from the average. In Table 2 is given the data of 
nine of the tests made to check the dust chart. 

This is better than any dust tests have ever checked regardless of the method 
used to measure the dust. The possible error in test data is greater than the 
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Pressure Difference Across filter in inches of Woter 





Area of Grifice in Squore Feet 


Fic. 10. Curves SHOWING VARIATION OF k 


variation in results taken from the chart. At the present time this dust chart will 
be used in connection with the Anderson and Armspach Dust Determinator. 


When further work is done the chart will be divided into zones showing clean air, 
and the varying degrees of dustiness. 
Sampling Moving Air 

To determine the dustiness of moving air introduces various complications in 
taking the sample. The sample must be drawn out and preferably at the same 


nw. “a 
Pressure Drop Across Orifice m Inches of Water 





Fic. 11. Curve SHOWING RELATION oF AREA OF ORIFICE TO 
‘ PRESSURE Drop AcrOss ORIFICE WITH 0.4 C.F.M. 
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TaBLE 1. PRESSURE AND Cusic FEET of Arr FLOw For EAcH FILTER 


1 2 3 4 5 6 7 
Fi Pressure 
ilter ? Cc. F. M. kxa k= Area at 0.4 cu. ft. min. 
2" 0.208 0.0000367 0.37 0.0000991 3.9 
A 3 0.314 452 0.456 991 
4” 0.408 510 0.515 991 
5” 0.485 540 0.545 991 
0.153 0.00002765 0.37 0.0000744 5.25 
B 3° 0.227 3270 0.44 
4” 0.307 3820 0.514 
5° 0.382 4270 0.575 
6” 0.451 457 0.615 
s 0.098 0.00001733 0.37 8.1 
3” 0.148 2130 0.454 
4" 0.198 2465 0.524 
§” 0.248 2770 0.59 
6” 0.298 3040 0.647 
Cc i ia 0.347 3270 0.696 
8” 0.394 3480 0.741 
9” 0.437 364 0.775 
10” 0.482 380 0.81 
hd 0.523 393 0.836 
> 0.552 399 0.85 
13” 0.60 415 0.884 
14” 0.634 423 0.90* 0.0000469 Started here 
D 0.4 0 .0000706 0.37 0.000191 2 
E - 0.057 0.00001008 0.37 0.0000272 14 
14” 04 267 0.945 
F > if 0.067 0 00601183 0.37 0.000032 12 
12” 0.4 289 0.905 
: 0.079 0.00061395 0.37 0.0000377 10 
10” 0.4 316 0.837 


velocity as that of the moving air. The sampling tube would have to be of various 
sizes to care for all velocities, which is not practical. If different inlets were used 
on the tube there would be a change of velocity inside the tube. This change in 
velocity would possibly change the degree of dustiness at the dust determinator. 
It is not possible to change the rate at which the sample is taken for each velocity 
because dust measuring apparatuses are limited in their air capacities. 

Sampling tubes for the work with the Anderson and Armspach Dust Determina- 
ator are made of °/s in. brass tubing, Fig. 13. The ends of the tubes are bent 
through 90 deg. with a 3 in. radius. 

The dust determinator will sample the air at the rate of 0.4 cu. ft. per min., this 
means a linear velocity in the sampling tube of 190 ft. per min. 


The control valve on the dust determinator was adjusted to handle 0.4 cu. ft. per 
min. when sampling still air. The air was given a velocity of 600 ft. per min. and 
the sampling tube pointed into the air flow to see if the total pressure of this air 
would act with vacuum caused by the dust determinator and increase the amount 
of air through the determinator. The air quantity did not change. The filter 
medium causes such a large part of the resistance through the sampling system 
that a change of resistance in any other part of the system does not change the rate 
of sampling. 

When the velocity of the moving air is less than the velocity into the sampling 
tube the following may be expected to happen: 
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When the tube is pointed into the air flow the sample may draw more air for the 
amount of dust taken due to the air being lighter than the dust. If the air blows 
across the end of the tube there will be the same effect, and to a greater extreme. 
The dust measurements will be too low. 

When the velocity of moving air is greater than the velocity into the sampling 
tube the effect is different. When the tube is pointing into the flow the dust will 
continue straight and go into the tube, the air will tend to carry on around the tube 
by the higher velocity. This means the dust measurement will be too high. When 
the air blows across the end of the tube, the effect will be to get more air and less 
dust; the dust measurement will be too low. 

The effects of the direction of pointing the sampling tube and the effects of dif- 
ferent velocities of the moving air are determined by test. 


Hy 
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Decrease in Area of filler in Squore fest due to Dust Deposit. 
s 


4 4. o 1a Mu. “a a a” ts 4s. 
Pressure Drep Across Filter ininches of Woler 


Fic. 12. Tue Dust CHarT 


Sampling tubes are placed in the duct according to the drawing in Fig. 13. The 
top, middle and bottom tubes are kept pointing into the flow during all the tests. 

Samples taken through these tubes will show the degree of dustiness across 
the area of the duct. The directions of the “upper” tube and “lower” tube are 
changed for each test. In one test they are pointing into the flow, in the second 
test they are at 90 deg. to the direction of air flow, in the third test they are 45 deg. 
to the direction of air flow. For each position of the variable tubes, two velocities 
are used across the tubes, for air containing large size coal dust and for air con- 
taining small size coal dust. 


The data obtained in these tests, and corrected to the base of 2 in. initial resis- 
tance by using the dust chart, are shown by the curves in Fig. 14. The upper and 
lower tubes are marked 90 deg. when pointing at right angles to the air flow, and 
45 deg. when making an angle of 45 deg. with the air flow. Table 3 is made from 
the curves showing the degrees of dustiness at the various points of sampling. 

In the first column of Table 3 is given the size dust added to room air, the second 
column gives the velocity of the air in the duct. 


Columns 3-6, and 9 give the amounts of dust found in the sample, when the sam- 
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Fic. 13. SAMPLING TUBES AND ARRANGEMENT FOR TEST 
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Fic. 14. Curves SHowinG DEGREE oF DUSTINESS AT POINTS OF 
SAMPLING 
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pling tubes are into, at 90 deg. and at 45 deg. to the direction of air flow. In Columns 
4,7 and 10 are given the amounts that would make these points fall on the line, and 
are used as the correct readings. The per cents the data readings differ from the 
correct readings are given in Columns 5-8, and 11. These per cents are averaged 
and it will be noted that the tubes pointing into the flow average very closely, again 
showing the accuracy of the dust chart. The tubes at 45 deg. get as much dust as 
those at 0 deg. at low velocities but less at higher velocities. The tubes at 90 deg. 
have a lower dust determination even at low velocities, which is still lower at high 
velocities. 


Room Dust. Small Size Coal Dust Large Size Coal Dust, | 
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Fic. 15. Two Decrees or Dustingss RESULTING FROM 
TESTS 


These tests show what was expected would happen for velocities over the tubes 
greater than the velocity in the tubes. The “high readings of dust” for the air 
when the tube is pointing into the air flow and the “low readings of dust” for the air 
when the tubes are 90 deg. with the air flow are not far apart. The method of 
using the tubes pointing into the flow for taking samples is permissible and the 
error will be small unless the velocity in the duct is very high, higher than ever 
need be sampled. 

The color of a filter on which dust has been deposited is dependent on the amount, 
the kind and the size of the dust. In Fig. 15 are shown two degrees of dustiness 
for the three dusts used throughout this work. The first is a deposit which will 
decrease the areas 0.0000400 sq. ft., the second will decrease the areas 0.0000185 
sq. ft. (see Table 4). It will be seen from the filters shown that the colors are not 
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TABLE 2. 


Remarks 
70 Micron Dust from Equalizor Box 
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Remarks 
140-70 Micron Dust from Equalizor Box 
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equal in shade, and that they are not consistent for the tests where coal dusts of 
two sizes are used. 

Equal volume of dust deposited under the same conditions will cover equal 
areas regardless of the weight, size, kind or color of dust. Area is the absolute 
scale which will be used to measure dustiness with the Anderson and Armspach 
Dust Determinator. 


TaBLe 4. SHow1mnc Data For TEsTs oF Equa DuSTINESS WITH DIFFERENT KINDS OF 


Dust 
Time Room Dust 70 Micron Dust 140 Micron Dust 
0 4.1 5.45 3.65 
5 4.5 5.95 4.0 
10 4.95 6.65 4.35 
15 5.5 7.4 4.9 
20 6.0 8.0 5.2 
25 6.5 8.8 5.6 
30 6 9.4 5.8 
Avg. 5.51 7.36 4.79 
Area 0.0000405 0.0000400 0.0000390 
0 5.3 5.45 4.2 
5 5.5 5.7 4.35 
10 5.8 6.0 4.55 
15 6.1 6.3 4.75 
20 6.35 6.55 4.9 
25 6.45 6.9 5.3 
30 6.6 7.2 5.5 
Avg. 6.02 6.3 4.79 
Area 0.0000185 0.0000190 0.0000190 
DISCUSSION 


E. Vernon Hix: If I understand the Anderson and Armspach dust determi- 
nator correctly, it was originally designed for measuring air dustiness by means of a 
drop in pressure between the sides of a filter, the filter collecting the dust, increase in 
resistance showing a corresponding increase in the measurements. It develops, 
if I have followed this closely, that due to differences in the filter material, pos- 
sibly due to its hydroscopic properties, etc., this is impractical and now Miss Ingels 
proposes to substitute a volumetric determination instead of a determination by 
means of a drop in resistance. In other words, the Anderson and Armspach dust 
determinator does not work out satisfactorily on the original basis. It seems to 
me this dust determination problem is getting quite intricate and I am going to 
suggest (I conceived this in a spirit of fun but perhaps there might be something 
to it) that we have a dust determination marathon at the summer meeting. Let’s 
take this apparatus which appears to be admirable for distributing dust in a room 
and invite all the various persons who would be interested in developing dust de- 
termination devices to get in the room and make determinations and check up re- 
sults. Of course, it would not be competitive; it would be comparative and prove 
to be very interesting. 


Miss InGets: Last summer six different kinds of dust measuring apparatus 
were tested simultaneously by the U. 8. Bureau of Mines. They were the Sugar 
Tubes, Palmer, the Konimeter, the new Impinger made by Doctor Greenburg 
and Mr. George Smith, and the A-A Dust Determinator. The A-A instrument 
was in its very first stages of development so a real comparison of it with the other 
instruments can only be made approximately with these tests. 
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CRITICAL VELOCITY OF STEAM AND CONDENSATE 
MIXTURES IN HORIZONTAL, VERTICAL, AND 
INCLINED PIPES 


By F. C. Hoveuten! (Memser), Louis Esrn,? 
anp R. L. Lincotn? (Non-MEeMBERS). 


PirrspuraH, Pa. 


densate was presented at the Annual Meeting of the Society, held at Wash- 

ington, D.C., in January, 1923, and was published in the March, 1923, issue 
of the Society’s JournaL. This report was devoted to the factors affecting the 
flow of steam, entirely in vertical pipes. Some of the important deductions brought 
out in that report are: 

1. The critical velocity for vertical risers varies from 22 to 30 ft. per second. 

2. The critical velocity of a pipe is determined by the smallest area of that pipe. 

3. The critical velocity of a pipe not reamed is decreased by approximately 10 per 

cent for a squared entrance and by as high as 30 per cent if a burr due to using a 
wheel cutter is left unreamed. 

4. Unions and other fittings used in a riser should have full size openings. 

Further work upon the subject was continued, tests being run upon vertical 
lines, horizontal lines, lines of varying pitch and lines of varying size. The pro- 
gram of the work as presented in this report includes the following: 

Critical velocity of vertical pipes. 

Critical velocity of horizontal pipes. 

Critical velocity of pipes, all degrees of pitch. 

Effect of length upon critical velocity both vertical and horizontal lines. 
Effect of size of pipe upon critical velocity, both vertical and horizontal lines. 
Effect of type of entrance upon critical velocity. 

It was first deemed advisable to determine if possible by eyesight, the phenomena 
and effects taking place in a tube in which steam was traveling in one direction and 
condensate in the opposite, and to note if any relation existed between the visually 
observed results and those brought out by the pressure velocity curves. Accord- 
ingly a thorough series of tests was run using glass tubes of various sizes and forms, 


The equipment used in all the experiments of this report was substantially the 
same as described in the previous report. Briefly, steam generated in a house heat- 
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A REPORT of the flow of steam in vertical pipes with counterflowing con- 
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ing boiler was sent through a 6 in. header, through the pipe being tested and intoa 
radiator, whose sole function was to condense all steam delivered toit. Thecon- 
densation returned by gravity through the test pipe, through a water seal and 
into a closed bucket where it was weighed at regular intervals. By a special 
arrangement the pressure in the header was kept constant for each test. The 
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Fic. 3. Giass Tuses Usep To DETERMINE EFFECT OF 
ENTRANCE 


final results were plotted using header pressures as abscissae and either condensa- 
tion in pounds per hour or velocity of steam in feet per second as ordinates. 

The range of header pressures used in our experiments varied from 0 to approxi- 
mately 4 in. of water column. However, and it is important that this point be 
brought out, the results of all these tests are applicable to any pressures used in low 
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Vevocity of STcAm ww FT. Per Secono 





NEAOER PRESSUREC. IN INCHES OF WATER 


Fic. 4. Rgsuits oF Tests uPoN GLass TUBES WITH VARIOUS 
ENTRANCES 


pressure heating. Flow of steam in a given pipe is dependent upon the pressure 
drop between the two ends of the pipe. This pressure drop is very small, prob- 
ably never exceeding 3 to 4 in. of water (2 oz.) under any conditions, and is generally 
smaller. When a system is being operated at 5 lb. boiler pressure, the pressure 
existing in the radiators is probably very close to 5 lb. In other words, the pres- 
sure differences existing in the risers in our tests, were probably the same as those 
that exist in the usual heating system. 
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Flow of Steam in Vertical Glass Tubes 


The results of the tests upon the vertical glass tubes brought out some interesting 
features and some points that are fundamental. In order that there shall be a clear 
understanding of the effects taking place in a tube, when steam is sent up, these 
results are discussed in detail. 

From a visual viewpoint the phenomenon taking place in the tube is as follows: 
At very low header pressures, the condensate returns down the sides of the tube in 
smooth and even streams. The steam flows up the center of the tube. There is 
no noticeable interference between the downcoming condensate and upgoing 
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Fic. 6. ARRANGEMENT OF CONNECTIONS 
FOR TESTS ON EFFECT OF REDUCERS 


steam. As the pressure is increased slowly there is an increase in the velocity 
and amount of returning condensate. Soon a header pressure is reached at which 
the velocity of the steam is sufficiently high so that the drops of condensate falling 
off the entrance of the tube are caught by the steam and shot back into the tube. 
This is the first point of noticeable interference. All along the sides of the tube, 
however, condensate is still coming down smoothly. 


As the header pressure is further increased the drops shot back by the steam 
into the tube at the entrance increase in number and in intensity, shooting higher and 
higher up the tute. Gradually there is a change or blending from individual 
drops to whole masses of water in the form of a ring extending around the sides 
of the tube, at the entrance. There is a!so an increase in intensity of flow of the 
condensate along the sides of the tube; the flow being in the form of distinct waves. 
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A pressure is reached at which the drops have all disappeared and there is prac- 
tically a solid ring of water in considerable agitation moving up and down at the 
entrance. This appears to be the second significant point. 

As the pressure is still further increased the ring of water is agitated through a 
greater length of the tube, the downcoming condensate becoming more and more 
violent and appearing in greater rings or waves of water all around the tube. If 
the pressure is made high enough the rings or waves of water are carried to the 
top oi the tube. A point is then reached at which all the condensate is suddenly 
shot up the tube and back into the radiator. The tube is now clear, that is, there is 











Fic. 7. APPARATUS USED IN CRITICAL VELOCITY TESTS 


no condensate coming down. This apparently is the third significant point. If we 
should continue to run at this pressure without further increase or decrease the 
steam would continue to flow up the tube with no returning condensate for an 
extended period. But suddenly for a very short period the condensate would 
return at full pipe capacity. 

The phenomena as presented above apply especially to the straight tubes, that 
is the tubes with the straight square or reamed entrance. There may be certain 
slight variations if the type of entrance is somewhat changed, but in general the 
phenomena will remain the same. 


The one outstanding feature in the visual tests as thus far presented is the fact 
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that all points of significance seem to occur around the entrance of the tube. This 
suggested the advisability of running some tests on glass tubes, in which the type of 
entrance was varied. Fig. 3 shows the group of tubes tested. It canbe seen that the 
essential idea was to create a gradually tapered entrance to the tube, so that the con- 
densate traveling down the tube would have no abrupt or sharp change in direction 
at which to meet the upgoing steam. 


Let us now attempt to tie up the results of the experiments upon these tubes as 
shown by the pressure velocity curve, with the visual observations. The re- 
sults of tests on the glass tubes are shown in Fig. 4. ‘The following points seem to 
be of significance. 


1. The curve (velocity against header pressure) rises rapidly until it reaches the point 
where drops of condensate begin to shoot back into the tube. At this point there is a 
marked flattening out of the curve, that is the veiocity still continues to increase but 








Fic. 8. DIAGRAM OF APPARATUS FOR—TESTS ON HORIZONTAL LINES 


at a considerably decreased rate. The point at which drops start shooting back into 
the tube is designated on the curves. 


Flow of steam between two points of a system is due to the pressure difference between 
these two points, let us say, pressure difference between the entrance to the riser and the 
entrance to the radiator. As the header pressure is increased the pressure drop is in- 
creased and thus the flow of steam is increased. However, when drops of condensate 
begin to show around the entrance, part of the increased pressure is required to over- 
come the increased friction caused by the greater number of drops. There is therefore 
a flattening of the curve as the pressure increases. 

2. As the point of the curve is reached where the ring of water shows around the en- 
trance, it is noticed that the curve has become practically horizontal, that is, further 
increase in header pressure causes no change in the velocity. Note the distinction in 
effect between the drops of water at the entrance and the ring of water. The drops of 
water merely cause a slight flattening of the curve, the ring of water flattens the curve 
entirely. 

Again from the point of pressure drop, it would seem that as the pressure at which 
the ring appears is reached, any increase in header pressure and thus in pressure at the 
entrance of the tube is required to overcome the increase in resistance caused by the ring 
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of water, by the decrease in effective area of the pipe, and by the increase in violence of 
the waves being carried up the tube. Thus the flow of steam remains constant. 

3. As the header pressure continues to increase, a point is reached where it is suffi- 
ciently great to carry all the condensate back into the radiator. This is the point at 
which intermittent flow starts, and is affected by the length of pipe. The longer the 
pipes the greater the pressure required to carry all condensation back to the radiator 
and the longer is the flat portion of the curve. The length of pipe has no other effect 
upon the curve. 

4. In the report previously published, stress was laid upon the first point where 
interference begins in the tube. The fact that this was a point of significance, together 
with the fact that it appeared very close to the point where the critical velocity was 
expected made it seem as if this was the critical point. However, further work upon 
_ this phase showed that, while interference commenced at this point, smooth flow con- 
tinued for some distance beyond. In other words the curve continued to ascend, even 
though interference took place until the ring of water appeared in the tube. 

These new developments seemed to indicate that it was rather the flat portion of the 
curve, or the maximum velocity that was the critical point looked for. When a study 
was made of the flow of steam in horizontal lines, the hump or wave portion disappeared. 








“h= DIFFERENCE IN LeveL DeTWEEN CONDENSATE. IN 
RADIATOR AND IN LowER EWTRANCE OF TesT Tuse. 
= AVAILABLE HEAD FOR Flow oF CONDENSATE. 


Fic. 9. AVAILABLE HEAD FoR FLow oF CONDENSATE 


In this case, there was no question but that the maximum velocity was also the critical 
velocity. As the angle of pitch was increased, from a horizontal to a vertical position, 
there appeared at no time a definite dividing line, between the two distinct phases, 
critical and maximum velocity. 

It was finally decided that until sufficient data had been gathered to analyze definitely 
and separate each phase and until the effect of each phase had been determined in prac- 
tice, caution should be used in declaring either to be the critical velocity. The point at 
which the curve flattens out entirely is really the maximum possible velocity or in other 
words the maximum velocity which will permit a smooth flow of both the steam and re- 
turning condensate. Beyond this point, intermittent flow commences. Just how close 
to this point it is possible to work in practice can best be determined by some tests on an 
actual installation, under actual operating conditions. 

In the set ups as used in the laboratory no audible surging or water hammer was ever 
noticed. If the point on the curves at which these noises first appear are once deter- 
mined by tests on an actual installation it will be very easy to determine from the curves 
just what is the allowable velocity for all lines. In this report, wherever the flat portion 
of the curve is dealt with, it will be termed “‘the maximum velocity.” 

5. The increase in maximum velocity that can be attained by simply changing the \ 
entrance to the tube, so that the returning condensate will interfere as little as possible 
with the upgoing steam, is very marked. Thus for the straight */, in. tube, with a 
squared entrance, the maximum velocity is approximately 24 to 26 ft. per second. The 
maximum velocity for the */, in. tube with the 12 in. flare is somewhere between 46 to 
50 ft. Here is a 100 per cent increase in the maximum possible flow in the same pipe by 
merely a change of entrance. 

4 
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6. Aslightly different condition is noted for the glass tube with the 12 in. flare. The 
curve continues to ascend very rapidly until a header pressure of 0.8 in. is reached when 
there is a sudden and very large decrease in velocity. At this point intermittent flow is 
reached. Furthermore, slightly below this point, drops appear in the lower or connecting 
tube and at no time is there any interference noticeable in the small or test tube. It 
may be noted from the curves that a great increase in velocity results from flaring the 
entrance of the pipe. 


Flow of Steam in Vertical Steel Tubes 


To determine whether the results, as obtained for the vertical glass tubes, will 
also apply to steel pipes, two series of tests were run: 1. To determine the effect 
of length upon the maximum velocity and 2. to note if it is possible in practice to 
increase the maximum velocity for a pipe by flaring the entrance. 
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Fic. 10. REsuLTs oF TESTS uPON GLAss TUBES—FOR VARYING 
PircHEs oF TUBES 


1. Effect of Length upon the Maximum Velocity. ‘Three tubes all of the same internal 
diameter but of different lengths were tested. The results of these tests are shown in 
Fig. 5. The velocity of the steam is plotted against the header pressure. The essential 
feature of these tests is, that the curves all finally arrive at the same maximum velocity. 
The paths of the curves vary, as might be expected, since the pressure drop for the same 
header pressure varies with the length of pipe. However, as the header pressure 
is increased, all three curves tend to draw together until at a pressure of 1.2 in. they 
are all practically the same. In like manner it was proved several times during the in- 
vestigation that the maximum velocity is in no way affected by the length of the pipe. 


2. Having demonstrated with the glass tubes that the maximum velocity is purely an 
entrance effect, and that it is possible to change it by changing the size and shape of 
entrance, an attempt was made to increase the capacity of steel pipes in the same way. 
Tests were run upon a 1 in. steel riser whose steam entrance was connected to a larger 
size pipe by -neans of areducer. The purpose was to obtain a gradual and rather flaring 
entrance to the pipe. Fig. 6 shows the typical connections used. It was not possible 
to increase the maximum velocity beyond that of the straight reamed pipe, the chief 
reason being, that with the type of fittings found on the market and used in our experi- 
ments, it was impossible to do away with the abruptness of the entrance. If a fitting 
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Fic. 11. Pitinc oF WATER IN TEST TUBE FOR 
NEGATIVE PITCHES 





was used giving a gradually tapering entrance, as used in the glass experiments, the 
maximum velocity could probably be increased. 


Flow of Steam in Horizontal Glass Tubes 


Horizontal lines as used in this paper includes not only pipes in. an absolutely 
horizontal position, but also those that are pitched at various angles with the hor- 
izontal. In this report the angle of pitch of the pipe is given either in degrees or 
in inches per 10 ft. 

Tests were made on a glass tube in a horizontal position and at several different 
pitches. Fig. 7 shows a photograph and Fig. 8 a diagram of the typical arrange- 
ment of the piping used in all horizontal work. By installing a swing joint in the 
connections running to the test tubes, it was possible to obtain a large variation in 
the angles of pitch of the test tubes without disconnecting the system. 


In observing the visual phenomena occurring when steam was sent through a 
horizontal tube three distinct phases manifested themselves. First, when the pitch 
of the pipe was less than about 2 deg., Second, from 2 to 90 deg., and Third, negative 
pitches. 

1. Positive Pitches under 2 Deg. At very low pressures (0.02 in. etc.) condensate 
travels on the bottom of the tube in a smooth stream. As the pressure is increased 
(0.08 in. to 0.10 in.) regular waves appear on top of the condensate, which travel toward 
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the radiator. On close observation it is found that particles of dirt at the bottom of the 
tube travel away from the radiator. Particles of dirt at the top of condensate stream 
travel toward radiator. However, the condensate coming down through the seal is ‘ 
regular and steady. The waves are slightly more pronounced at the tube entrance 
than at the radiator end of the pipe. As the pressure increases still further, the maxi- 
mum intensity of the waves shift from the tube entrance to the radiator entrance. 
At this point the velocity curve becomes practically flat. 

This flow differed from that in the vertical tubes, first in that at no time was there any 
interference at the tube entrance, and second, in that no point of intermittent flow was 
reached. If the pressure was raised sufficiently, the condensate was all shot back into the 
radiator. If sufficient time was allowed for the condensate in the radiator to build up a 
head to overcome the increased head of the steam pressure, the condensate began to 
flow again in a continuous and uniform stream. 

The flow of the condensate from the radiator is due to the difference in the levels of 
the two ends of the pipe. When this head h is very small, as for very small pitches, the 
same velocity of steam produces greater waves at the surface of the returning condensate. 
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The friction between the steam and returning condensate is then much greater. The 
effective area of the pipe for the flow of steam is reduced by these waves thus reducing 
the maximum flow obtainable. 


2. Pitch Varying from 2 to 90 Deg. When the pitch of the pipe is increased beyond 
2 deg. there is a slight change in the observed effect. As the pitch is increased the ve- 
locity of the condensate is greatly increased and for the same header pressures, the flow 
is smooth and steady and there are no waves formed. 


Further, since the velocity of the condensate is greater, the actual thickness of the 
film of water at the bottom of the tubeisless. This together with the fact that no waves 
are formed means that there is a greater effective area for the flow of steam. Conse- 
quently the velocity of the steam is increased. For example at 0.10 in. header pressure, 
Fig. 10, the velocity in the tube is 17.3 ft. per second for a pitch of 0.50 deg. and 21.0 ft. 
per second for a pitch of 7.10 deg., an increase of over 20 per cent. 

It should be stated that unless specifically mentioned the velocities given in this 
paper were determined by dividing the total volume of steam passing through the pipe 
by the actual internal area of the pipe. Therefore the values given are always too low 
since water is at all tintes present in the pipe and reduces somewhat the area available 
for steam flow. When the water returns in a smooth stream the reduction in area is 
small and therefore the difference between the actual and calculated values is small. 

















Critica, Vetocity or Steam, Hoveuten, Esin AND LINCOLN 149 


The greater the velocity of the returned condensate the less the reduction in area and 
therefore the smaller the difference between the actual and given velocity. When drops 
of water are thrown up into the tube, or when waves or any other disturbance of the con- 
densate takes place the free or effective area of the pipe is reduced to a greater extent 
and in such cases the velocity given may be much lower than the actual velocity of the 
steam at the point of such disturbances. 


As the pitch of the pipe is increased a point is reached at which there is evidence of a 
slight interference at the tube entrance, a shooting back of an occasional drop of water in 
the tube, and the formation of waves for a short distance. It is significant that at this 
point the curve becomes practically horizontal. It may be safe to assume here, that the 
entrance of the tube is now affecting the results. Furthermore, as will be shown later 
for steel tubes, if the length of the pipe is increased the results will not change measur- 
ably. ‘The two main factors affecting the steam velocity in pipes of this pitch are the 
angle of pitch available for the flow of condensate and entrance interference. 

From 2 deg. to approximately 40 deg. the effect of both factors is in evidence. The 
effect of the entrance is to retard the maximum capacity and the effect of the pitch is to 
increase it. The net result is an increase. Thus for the one inch glass tube, Fig. 10, 
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the maximum velocity at a pitch of 7.1 deg. is approximately 32 ft. per second. At 
a pitch of 25.8 deg., the maximum velocity has increased to 40.1 ft. per second. 

From 40 to 55 deg. the effect of pitch is increasing and the effect of entrance is in- 
creasing also, the net result being a flattening of the maximum velocity curve. As the 
pitch passes beyond 55 to 60 deg. entrance effects are increasing rapidly, while the effect 
due to the pitch is becoming practically constant. As a consequence the curve is drop- 
ping rapidly. Thus, as the pitch passes around the quadrant from 0 to 90 deg. there is a f 
complete change of factors affecting the velocity, from the length of pipe, through 
the angle of pitch and finally to a purely entrance factor. 

3. Negative Pitch. When the pitch of the tube is negative we find first that before 
any flow takes place, water must first be built up in the lower end of the pipe to overcome 
this negative pitch. The flow of condensate will then be due not to the difference in 
tube levels, but merely to the difference in water level at the radiator and steam entrance 
ends of the tube. This difference in levels is very small. Furthermore due. to the 
water os up at the radiator entrance, the effective area for the flow of steam is greatly 
reduced. 

However up to a certain negative pitch there will be a flow of condensate, decreasing 
as the negative pitch is increased. ‘This pitch is reached theoretically when the tangent 
Internal Diameter of Pipe ‘cally d 

Length of Pipe Practically due to 
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experimental difficulties, it is impossible to approach this pitch very closely. Fig. 12 
will give an idea as to how closely the theoretical pitch is approached. 


The pitch of the pipe in inches is plotted against the area and diameter of the pipe, 
for both the theoretical and experimental points. Thus for the 1 in. pipe the theoretical 
negative pitch for no flow is the internal diameter of the pipe, which is 1.046 in. The 
— negative pitch as found experimentally for the one inch pipe is 0.80 in. approxi- 
mately. 


Flow of Steam in Horizontal Steel Tubes 


At the conclusion of the tests upon the horizontal glass tubes, a series of tests 
was run upon steel tubes of various sizes and lengths, and with various angles of 
pitch, to determine if possible all factors entering into the flow of steam in inclined 
pipes. 

/ 1. Effect of Pitch upon the Maximum Velocity. ‘The results of all the tests are plotted 
in Figs. 13, 14, and 15. In each case the velocity in feet per second is plotted against 
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the nominal pitch of the pipe in degrees from the horizontal. ‘These curves indicate: 

a. For small pitches from 0 to 2 deg. the maximum velocity increases rapidly 
with the pitch. During this period, the maximum velocity varies considerably 
with the length of pipe. This point will be further discussed later. 

b. As the pitch increased beyond 2 deg. the maximum velocity continues to 
increase, almost directly proportional to the angle of pitch until the maximum is 
reached at an angle of 35 to 50 deg., depending on the size of pipe. 

Beyond a pitch of 2 deg. the maximum velocity is practically independent of 
the length of pipe. 

c. From 50 to 90 deg., the effect of the entrance of the pipe continues to increase 


~~ and the maximum velocity decreases, until at a pitch of 90 deg. or a vertical pipe, 


the entrance to the pipe is the main factor affecting the maximum velocity. 


d. Ascommonly expressed the nominal pitch is the angle formed by a horizontal 
line and a line parallel to the center line of the pipe. The absolute pitch however, 
is greater than the nominal pitch by an amount which approaches the internal 
diameter of the pipe as the angle of pitch is decreased. 


I g@ is the nominal pitch of the pipe then . 
a = sin=! +) 
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where L = length of pipe in inches. 
h = pitch of pipe in inches. 


The absolute pitch is 
ee ( +B 
¢@ = sin A 


h + Dcos =) 
VL? + D? 
For example if a 1 in. pipe 10 ft. long is given a nominal pitch of 2 in. then sina= 


= sin=! 


i20 = 0.01667 and, the nominal angle of pitch = 0.95 deg. 


2 + 1.04 cos (0.95 deg.) 
V¥120? 1.04? 

As might be expected from the above, when a pipe is tested ina horizontal posi- 
tion or at a nominal pitch of 0 deg., the velocity of flow is not zero, but is consider- 
ably greater, depending upon the length of the pipe and diameter of opening. This 
is shown graphically by Curve B on Fig. 19. 





The absolute pitch, ¢ = sin! = 1.45 deg. 
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Fic. 16. VARIATION BETWEEN NOMINAL AND 
ABSOLUTE PiTcH 


e. The velocity of flow becomes zero, when the nominal pitch as expressed in 
inches for the actual length of pipe becomes a negative value somewhat smaller 
than the internal diameter of the pipe, or in other words when the absolute pitch 
is nearly zero. ‘This was brought out under the subject of horizontal glass tubes. 

2. Effect of Length of Pipe upon Maximum Velocity. Horizontal Lines. For very 
small pitches of pipe, up to about 2 deg. the maximum velocity is greatly affected by the 
length of the pipe. A series of tests upon four different Jengths of 1!/, in. pipe shows 
this clearly. The results are shown in Figs. 17 and 18. For example, from Fig. 17 
the velocity for the 10 ft. pipe was found to be approximately 16 ft. per second at zero 
pitch, the velocity for the one foot of pipe (the other extreme tested) was found to be 
25.5 ft. or a gain of close to 60 per cent. As the pitch is increased positively, all curves 
tend to draw together, until for a pitch of about 2 deg. or 3.5 in. per 10 ft. the results 
for all lengths are the same. Above this point the length does not measurably affect 
the maximum velocity. 


' Fig. 18 will bring out the effect of length a little more clearly. In this figure the ve- 
locityjis plotted against the length of the pipe and also against the angle of opening which 
is a function of the length of pipe, for a nominal pitch of zero degrees. The maximum 
velocity i increases very rapidly as the length decreases. Theoretically it will continue 
to increase indefinitely as the length of pipe decreases. Experimentally, however, if 
it was possible to test a piece sufficiently short the limiting conditions would approach 
that of a thin plate orifice, whose opening was the same as the diameter of the pipe 
tested. 
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3. Effect of Size of Pipe upon the Maximum Velocity. In general the maximum ve- 
locity increases as the size of pipe increases for sizes of pipes up to about 1'/, in. diameter. 
Beyond that the maximum velocity is practically independent of pipe size. This rela- 
tion seems to hold true regardless of the pitch of the pipe. Referring to Fig. 19 the 
maximum velocity and capacity curves are shown for both horizontal and vertical lines. 
All curves are plotted against the area of the pipe as abscissae. It is interesting to note 
that the general form of the curves is the same for both the horizontal and vertical 
lines. In both cases the velocity increases as the size of pipe increases for small sizes 

\ of pipes, and tends to approach a constant value for sizes of pipes above 11/, in. diameter. 


Practical Application 


It has been the object of this investigation to present a complete story of the 
flow of steam in pipes. The essential purpose of these experiments is to obtain a 
thorough understanding and complete knowledge of the factors entering into, 
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TaBLe 1. Capacities of OnE Pirg LinES—VERTICAL AND Horizontal 
Allowable Velocity in Feet per Second 
18 22 
Nominal Cond.in B.t.u. Sq. ft.rad. Pitch Cond. B.t.u. Sq. ft. rad. Pitch 
diam. b loss as >> on of vipe Ib. _ = on S pipe 
= =e i. Bee. f. ‘te. be. B.t.u. 16 fe. 
3/4 8.9 8,640 36.0 1.00 10.9 10,580 44.1 2.6 to 3.0 
1 14.5 14,070 58.6 0.75 17.8 17,270 72.0 1.7 to 2.0 
1'/, 25.2 24,460 101.9 0.50 30.8 29,890 124.5 1.00 
11/2 34.2 33,190 138.1 0.50 41.8 40,560 169.0 1.00 
2 56.5 54,830 228.4 0.50 69.0 66,960 279.0 1.00 


and the effects taking place when steam is sent through a pipe in which there is a 


counterflow of condensate. 


application of them can be made in practice. 
From the point of view of the practical applications of the results it is of interest 


It is only by understanding these factors that a proper 


to learn: First, the pitch a pipe must be given to obtain a certain velocity; Second, 
the capacity of pipes of various pitches; Third, the best working pitches under 
average conditions. 


TABLE 2. CAPACITIES OF ONE Pipe LINEs aT VARIOUS PITCHES 
Pitch of Pipe in Inches per 10 Feet 


Nominal ‘0 f ‘/s f 
om oa Sit 
of pipe Cond., B.t.u. on 240 Cond., B.t.u. on 240 
in in. Ib./hr. loss/hr. B.t.u. Ib./hr. loss/hr. B.t.u. 
3/4 6.19 6,010 25.0 7.48 7,260 30.3 
1 11.32 10,990 45.8 13.02 12,630 52.6 
1'/, 25.95 25,180 104.9 29.00 28,140 117.2 
1'/, 35.25 34,210 142.6 39.30 38,140 159.0 
2 58.40 56,670 236.0 65.20 63,270 263.5 
1 1'/, 
8/, 9.22 8,950 37.3 10.00 9,700 40.4 
1 15.58 15,110 63.0 17.30 16,790 70.0 
1!/, 32.93 31,950 133.0 35.75 34,690 144.5 
1!/, 44.80 43,470 181.0 48.60 47,160 196.5 
- 74.10 71,910 299.5 80.50 78,120 325.5 
2 3 
3/4 10.50 10,190 42.5 11.40 11,060 46.1 
1 18.60 18,050 75.2 20.55 19,940 83.0 
1'/, 38.10 36,970 154.0 40.80 39,500 165.0 
11/2 51.80 50,270 209.3 55.50 P 224.0 
2 85.70 83,160 346.5 91.90 89,180 371.5 
+ 5 
3/, 11.74 11,390 47.5 12.19 11,830 49.3 
1 21.75 21,110 87.9 22.31 21,650 90.2 
1'/, 42.68 41,420 172.6 44.07 42,760 178.2 
1!/, 58.10 56,350 34.8 60.00 58,220 242.6 
2 96.80 93,240 2388.4 99.21 96,270 401.1 


1. In the report published in March, 1923, a table was given showing the capacities 
of vértical pipes of various sizes for, first, a velocity of 22 ft. per second, which is really 
the minimum critical velocity obtained and second, a velocity of 18 ft. per second, which 
permits a factor of safety of approximately 20 percent. It is obvious that if either of the 
tables are to be used for determining the size of vertical lines, then to obtain smooth and 
even flow horizontal lines must be so designed as to give the same capacity. 

Table 1 has been designed with the above in mind. With the exception of the column 
showing the pitch of the pipe in inches per 10 ft., the table is the same as was given in the 
last report. The values in the first half are based upon a velocity of 18 ft. per second and 
those in the second half on a velocity of 22 ft. per second. The table gives the capacity 
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of the pipe in pounds of steam per hour, the B.t.u. supplied per hour, the square feet of 
radiation based on 240 B.t.u. per sq. ft., and the necessary pitch to be given a pipe to 
obtain the desired capacity. 

For example it is desired to feed a radiator of 100 sq. ft. of radiation without exceeding 
a velocity of 18 ft. per second. From our table we find that a 1!/, in. pipe will take 
care of 102 sq. ft. of radiation. If this pipe is to be in a horizontal position such as a 
runout, the last column of the table shows that the pipe must be pitched 0.50 in. per 10 
ft. Pitching the pipe more will be of no value since the velocity in the vertical line will 
still be 18 ft. Pitching the pipe less will cut down the carrying capacity of that pipe 
and thus decrease the capacity of the radiator. 

2. From Figs. 13, 14 and 15 it may be seen that the capacity of a pipe increases very 
rapidly for pitches up to about 2 deg. or about 4 in. per 10 ft. The capacity continues 
to increase beyond that point also, but at a somewhat reduced rate. From the results 
of the experiments, the limiting pitch of a pipe is approximately 45 deg. If it were 
possible and practical to install a system using only lines pitched at 45 deg., the capacity 
of the system would be greatly increased. However, in an actual installation this is not 
practical, and a pitch of 4 or 5 in. per 10 ft. is probably the maximum allowable. 


CONDENSATION OF STCAM,In LBS PER Hour 
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Fic. 19. Maximum CAPACITY AND VELOCIY OF PrPES—FoR VARIOUS 
S1zEs 


Table 2 has been designed to show the increase in capacity of a pipe as the pitch is 
increased. The condensation in pounds per hour, the B.t.u. supplied per hour and the 
square feet of radiation are all given for pipes of various sizes and pitches. With the 
exception of the 2 in. pipe these figures are based upon the results given in this report. 
The figures for the 2 in. pipe are based upon the deduction brought out in this report 
that above 1!/, in. diameter the velocity in a pipe is independent of the size of the pipe. 

For example it is desired to supply steam to 175 square feet of radiation. This may be 
accomplished by using a large size pipe with a small pitch or a smaller size pipe with a 
greater pitch. In industrial and other buildings where head room is available, and there 
is no other objection to using large pitches, the size of pipe can be materially reduced. 
Thus for the case assumed, it may be found from Table 2 that 1'/: in. pipe with 1 in. 
pitch per 10 ft. will supply 181 square feet of radiation. If conditions are such that the 
pitch may be greatly increased, we find that 11/4 in. pipe with a pitch of 5.00 in. per 10 ft 
will feed 178 sq. ft. of radiation. Increasing the pitch reduces the size of pipe required. 

3. Table 1 indicates that the pitch required for a certain velocity is greater for small 
sizes of pipe. It may be desired to know what general pitch is applicable to average 
conditions. A pitch of 1'/, in. per 10 ft. will give a velocity ranging from 20 ft. per 
second for */, in. size to 26 ft. per second for 2 in. size. In average conditions this pitch 
would be about the most commonly used. The portion of Table 1 figured on a velocity 
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of 22 ft. per second would apply very closely to this condition. The lower limit of pitch 
advisable is about as indicated in the first half of the table. This gives a variation in 
velocity from 18 to 24 ft. per second. 


4. Tables 1 and 2 are based upon 10 ft. lengths of pipe. For vertical lines the velocity 
is independent of the length of pipe. For horizontal lines of very small pitch the ve- 
locity decreases as the length increases. Thus the velocity at 0 deg. pitch for 11/, in 
pipe 10 ft. long is 16.3 ft. per second. If the pipe is 50 ft. long, the velocity is 12.5 ft. 
per second, a decrease of about 25 percent. It is therefore important that with lengths 
of pipe greater than 10 ft., allowance shall be made for the decrease in the velocity. 


The average decrease in velocity for lengths between 10 and 50 ft. is about 6 per cent 
per 10 ft. 


DISCUSSION 


E.S8.Hauierr: I hope it will be possible for the Research Laboratory to conduct 
the experiments along somewhat different lines. Taking into consideration the 
sizing of horizontal pipes, where the condensation which has to be taken care of 
results from the supply pipe itself and not from the radiator. We want an answer to 
this practical question; In a two-pipe system, what is the proper size of connection 
from the riser to the radiator when the radiator is 10, 15 or 20 ft. away from the 
riser? 


H. M. Hart: I would like to ask if the pipes were reamed in these tables. I 
assume that they were but I want to make it a matter of record. 


T. M. Duean: I would like to ask if it wouldn’t be advantageous to use recess 
fitting to overcome the phenomena taking place at the end of the pipe. For it 
seems from the data presented by the author of the paper that reaming of pipe 
thus reducing the friction surface is a very important factor. 

Hence I believe that the use of recess fittings particularly at the bottom of risers 
would eliminate this feature entirely at that point. 

The many apparent advantages thus derived would readily compensate for the 
difference in the price of the fittings. 


R. G. Taaeart: I might say, in connection with recessed fittings, that we had 
a job where we tried to use recessed fittings for hot-water heating and the greatest 
pressure that we could get any manufacturer to guarantee was practically a negli- 
gible pressure. I believe the suggestion of increasing the horizontal connection at 
the lower end of the steam riser, starting at the foot of the riser, has many advan- 
tages. 

Another factor is this question of burr in a pipe, which reduces the effective size 
of the pipe. I have had considerable correspondence with an old friend of mine who 
does steam fitting in the Hague (and I imagine in some other parts of Europe). 
They have no trouble with burrs. The workmen are trained to remove them and 
the size of pipes which they use is astonishing as compared with our practice. 
But when we attempt to eliminate burrs from the pipes, we generally find that the 
cost of being sure that all of our burrs are removed is more than the cost of using a 
larger pipe. 

Another point is this—is the critical velocity always that thing that determines 
the size of asteamriser? Inmyopinionitisnot. I, at one time, was connected with 
a concern that made some considerable experiments on velocities in pipes with 
glass pipes. We found that when you came to the larger sizes of pipes we could 
afford to have a certain amount of water held up in the vertical steam riser in order 
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that the water would agglomerate into large drops, so that the velocities that might 
be used in 3 or 4 in. pipes were very much greater than the velocities that were prac- 
tical in 1'/2 in. pipes. At that time I went through a number of office buildings, 
checked up the radiation and found that apparently it was this agglomeration into 
the larger size drops in the three and four inch pipes which did not result in noise 
but allowed a great deal higher velocity in vertical steam risers than you would ex- 
pect from these tables. I hope that in extending this work, experiments will be 
made on some of the larger size pipes. 

T.H.IreLanp: On the subject of reaming pipes, I have seen many installations 
where they have reamed the pipe but the steam fitter has used very heavy dope on 
the female thread. By female thread I mean the thread within the fitting, thus 
permitting a bigger obstruction than the burr on the pipe. You will find that one 
of the greatest causes of repairing a heating system is the dope after it has become 
hard and solid, going down and accumulating between the disc and set of the valves. 


J. A. Donnetty: I want to speak of the table. If you take the amounts of 
radiation that are on these sizes of pipe and say those are safe for starting loads, 
I think you go a little beyond what is safe from our present practice, in fact, I 
think this table should be used with a great deal of discretion. I doubt whether 
very many members of the Society will put this table intc use. I would, with a 
great deal of caution, because I know under some conditions trouble has ensued 
with amounts of radiation somewhat less than those shown. It might be due to 
slight priming of the boiler, due to dirty water or defective boiler design, or due to 
too limited capacity of circulation. In other words, there is a critical capacity of 
circulation within the boiler itself. It might be due to many other causes which 
could only be obtained perhaps in field work. 

It has always been my idea that the safest thing is to adopt research where it 
agrees with our previous experience. When it changes our previous experience it 
will change it but very slowly, because men are loathe to increase capacities and to 
deviate from what they have done in the past, and rightly so. 

F.C. Hovueuren: All data given in these tables are for reamed pipe. A ques- 
tion in regard to recessed fittings was asked. I am not familiar with these fittings, 
but I will say that if it is desirable you can increase the capacity of a riser by gradu- 
ally decreasing its entrance. However, there is some doubt as to whether that is 
economically practical. As shown in the curves, tapering at the lower end of a 
pipe to a larger size, may double its capacity. 

H. M. Hart: In this question of reduction in the riser slightly above the elbow, 
page 154, it gives dimensions of about 23 to 28 in. from the base to that point where 
the reduction is made. I would like to ask if that was tried out at different dis- 
tances from the top of the elbow. Another point is that in single pipe, up-feed 
steam heating, I think it is general practice to make the horizontal branch to the 
riser one size larger than the riser, which calls for a reduced elbow. I don’t be- 
lieve that a straight elbow and a reducer such as is illustrated here would increase 
the expense to a very large extent. 

F.C. Hovcuren: The taperings in the pipe were all at the same height. How- 
ever, that point represents the bottom of the pipe. The large section of the pipe 
is so large that the length of it does not enterin. Tapering the entrance, will give 
an increased capacity, as Mr. Hart mentioned. However, I do not believe a re- 
ducing couple with a reamed pipe, made as the couplings are now, will answer that 
purpose. As brought out in this paper, that was tried but without success. I 
believe, however, that if an iron fitting was turned down so you had a slow taper, 
it would work. The tapered pipes shown in the paper are all made of glass. 














XUM 











YUM 


No. 689 


SIMULTANEOUS FLOW OF WATER AND 
AIR IN PIPES 


By L. S. O’Bannon,! Lexineton, Ky. 


MEMBER 


simultaneous flow of water and air. The water flows in the bottom of the 
pipe, down grade, due, primarily, to the pull of gravity. The air flows 
in the top of the pipe and may accelerate or impede the flow of water. 


It has been generally recognized that there exists a certain critical relation be- 
tween the factors affecting the continuity of flow in the pipe—a critical condition, 
below which the flow of water and air remains steady, and beyond which the flow 
is intermittant, impulsive, turbulent, or at any rate, not conducive to the noiseless 
and efficient operation of a steam heating system. 

The object of the experiments described in this paper has been to find the ca- 
pacity of pipes for carrying water and air simultaneously, within the conditions of 
steady flow. So far,.the capacity of a 1 in. pipe, having a slope of 1 in. in 10 ft., 
has been determined for both parallel and counter flow. 


The apparatus used in these experiments Fig. 1 shows the arrangement for test- 
ing. A 1 in. pipe, 20 ft. long, with one end 2 in. higher than the other, was mounted 
between two reservoirs. A German silver wire, stretched taut, parallel to, and 
about 6 in. below the pipe, was used to determine the alignment of the pipe between 
the reservoirs. Wire hangers, with turnbuckles, supporting the pipe were adjusted 
so that at no place in the run of the pipe did the distance from the wire vary more 
than about '/s in. The frame holding the inlet reservoir was supported on ad- 
justable screws. A civil engineer’s surveying level, set on a tripod about 15 ft. 
from the apparatus was used for establishing the slope of the pipe. 

Water from a supply tank flowed by gravity into the inlet reservoir. The 
supply tank had a wide overflow near its top for the purpose of maintaining a 
constant head. The amount of water let into the reservoir was regulated by a 
valve in the line connecting the bottom of the supply tank and the bottom of the 
reservoir. With this arrangement it was possible to maintain a constant head in 
the reservoir, and therefore, to keep a constant flow of water through the pipe at 
any particular depth. A micrometer depth gage projecting through the top of 


ie condition of flow in the dry return of a vapor heating system is that o 


1 Asst. Prof. of Steam Engineering, University of Kentucky 
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GASOMETER USED TOCALIBRATE ORIFICE 
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Fic. 2. Curve SHEET SHOWING RESULTS OF ACTUAL OBSERVED 
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the reservoir was used to obtain the height of the water in the reservoir above the 
entrance of the pipe. 


The water flowed through the pipe into the outlet reservoir through a weir-box 
and a 30 deg. V-notch weir, and thence into a barrel on scales. The scales were 
equipped with an electric bell alarm operated by the scale beam. This device was 
useful for starting and stopping the tests, and for eliminating possible errors in 
initial and final weighing. - 


A float gage was attached to the weir-box so that the gage indicated the head 
of water on the weir and was used in some of the tests for obtaining the rate of flow 
of the water. In the later experiments, a hydrometric goblet, or orifice bucket, 
not shown on the drawing, was placed in the position that the barrel and scales now 
occupy. The hydrometric goblet was found to give more accurate results as it 
indicated the variation of flow better than the weir float gage, and also, for the 
reason that different orifices could be used to suit the rate of flow. 


The water in the barrel on the scales was emptied into a tank and then returned 
to the supply tank by means of a motor driven centrifugal pump of the combination 
water and air type. This pump also returned the water from the overflow tank 
to the supply tank. 


The air system consisted of the combination water and air pump, a receiver, 
orifice meter, gasometer and the piping connecting these to the reservoirs. The 
air piping was so arranged that air could be drawn through the test pipe in either 
direction. In case of parallel flow of water and air the inlet reservoir was open to 
the atmosphere and the air was exhausted from the outlet reservoir. In case of 
counter flow the valves were manipulated so as to reverse the flow and the outlet 
reservoir was opened to the atmosphere. The gasometer was permanently at- 
tached to the apparatus and was used for calibrating the orifice meter. It was 
shut off from the system when tests were being made. An inclined U-tube manom- 
eter was used for measuring the differential pressure across the orifice. The orifice 
meter itself consisted of a thin brass plate containing a 1/2 in. round hole, the plate 
being fastened between flanges connecting 1 and '/, in. pipes. The pressure 
drop between the two reservoirs, that is, between the inlet and outlet of the test 
pipe, was measured by an inclined U-tube manometer. 


The depth of the water in the pipe was obtained by means of two micrometer 
depth gages, one placed one foot from the entrance and the other placed one foot 
from the outlet. The part of the depth gage projecting into the pipe consisted of 
a steel needle less than 0.05 in. in diameter. A small hole drilled in the top of the 
pipe was covered with gasket rubber. The needle was thrust through the rubber 
thus insulating the needle from the pipe and also preventing the entrance of air. 
One terminal of a potentiometer, like that used in connection with thermal couples 
for measuring temperature was grounded to the pipe and the other terminal was 
connected to the depth gage. The depth gage being insulated from its support, 
a deflection of the potentiometer occurred only when the needle made contact with 
the water in the pipe. The method of taking readings was first to raise the needle 
until contact with the water was broken, and then, to screw down on the depth gage 
until contact was made as indicated by the movement of the galvanometer pointer. 
The difference between the observed depth gage reading and the zero reading when 
the needle touched the bottom of the pipe was considered to be the depth of the 
water. Each observation may not have been absolutely correct in the sense that 
it gave the actual mean depth at that cross section of the pipe, because it was 
impossible to know whether the needle at the instant of the galvanometer de- 
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flection was making contact with the crest or valley of a wave on the surface of 
the water. With no air flowing through the pipe the amplitude of a wave would 
be negligible, but with air flowing the wave motion was exaggerated and the ob- 
servations might be in error an appreciable amount. 

The results and the methods of running the experiments will be described under 
four headings: 1. The Flow of Water; 2. The Flow of Air; 3. The Parallel Flow 
of Water and Air; and 4. Counter Flow of Water and Air. 


The Flow of Water 

Observations were made on the flow of water through the pipe with atmospheric 
pressure at each end, or, in other words, with no air flowing, for the purpose of 
determining the rate of flow for different depths in the pipe. Single tests running 
for a period of about half an hour were made for depths in the pipe ranging from 
1/9 in. to a full pipe. The three depth gages were read every 5 min. The water 
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was weighed in the barrel on the scales. The weir gage readings were observed 
and it was from the data of these tests that a calibration curve for the weir gage 
was obtained. The most consistent and the most reliable observation made was 
the depth of the water in the reservoir. This measurement, therefore, has been 
used as the chief ordinate for illustrating the results. 

On the sheet of curves showing pounds of water per hour plotted against depth 
of water Fig. 2, the curves marked A, F and G were plotted from the results of the 
actual observed readings of the inlet reservoir depth gage. Curve A, below the 
intersection of F and G, was very definitely determined. The reason for the diver- 
gence of curves F and G may best be explained by reference to Figs. 3-10, which il- 
lustrate the disturbance which takes place at the entrance of the pipe for depths of 
water within about 2/ in. of a full pipe. Fig. 3 shows the water flowing steadily 
from the reservoir into the pipe. The water in the reservoir is higher than the 
water in the pipe, the difference in head representing that which is required to 
effect the change of velocity and overcome the resistance at the mouth of the pipe. 
On account of the velocity of the water changing abruptly from zero to the velocity 
of the water in the pipe there is considerable disturbance at the entrance. As a 
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full pipe is approached a wave or ripple may seal the mouth of the pipe as illus- 
trated in Fig. 4. The system then appears to act as a siphon. The wave grows 
and travels rapidly down the pipe as shown by Fig. 5, Fig. 6, and Fig. 7. The 
depth of the water ahead of the wave increases and consequently the amount of 
water discharged from the outlet is increased. The increase in flow causes the 
head in the reservoir to decrease. This, in turn, will allow water to flow faster from 
the supply tank into the reservoir. But the pipe is drawing the water from the 
reservoir at a greater rate than water is being supplied; the water in the pipe behind 
the traveling wave is lowered and the seal is broken. The depth through the whole 
system at this moment is slightly less than at the beginning of the disturbance and 
normal flow then ensues. As the water again approaches a full pipe, the phenom- 
enon may be repeated. There are evidently time and space elements involved. 
The disturbing wave may last for a fraction of a second or longer and may occur 
several times in a minute. It may break a few inches from the entrance or it may 


’ travel the whole length of the pipe. Naturally, the pipe depth gages with their: 
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Fic. 12. Curve SHOWING FLow oF AIR THROUGH ONE 
IncH PIPE 


electrical connections are of no use when this disturbance begins. The maximum 
depth measured with some degree of precision with the inlet depth gage was about 
0.75 in. and with the outlet depth gage about 0.70 in. The corresponding depth 
of water in the reservoir was about 0.95 in. above the entrance of the pipe. The 
inlet depth gage would be the first to become short circuited and then with a slight 
increase in the reservoir depth the same would happen to the outlet gage. 


Referring to Fig. 2 it is evident that the rate of flow of water per hour indicated 
by curve F, corresponding to depths near a full pipe, is greater than what actually 
should obtain if it were possible to eliminate the disturbance described above. 
Because, for a fraction of the period of the tests, a part of the pipe was flowing 
full instead of remaining steady at the apparent depth. 

With particular attention to this region of the curve, a few tests were made with 
conditions maintained as smoothly and regularly as possible. The results are shown 
by curve G. For depths beyond the end of curve G the pounds of water per hour 
checked with the upper curve. It is very probable that curve G gives values too 
low, because in the endeavor to maintain constant conditions and avoid the dis- 
turbance at the mouth of the pipe, the investigators would be prone to regulate 
the supply of water sparingly rather than allow the system to assume its normal bent. 
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The dotted curve, E, was arbitrarily drawn and indicates, by the judgment of 
the investigators, the true course of the line, if it were possible to avoid the dis- 
turbance at the pipe entrance. 

Several tests were made with the pipe running full and with the mouth of the 
pipe fully submerged. The results of these tests are shown by curve H. By 
projecting this line to the ordinate corresponding to a full pipe, 1.05 in., the capacity 
of the full pipe is determined for the condition of atmospheric pressure at each end 
and with no additional head beyond that due to gravity and the weight of the water. 
This rate of flow is about 1390 lb. per hour. 

Fig. 11 shows the depth of water in the pipe 1 ft. from the inlet and 1 ft. from the 
outlet plotted against the depth of the water in the reservoir. The upper dashed 
portions of the curves are imaginary, since no depth gage readings were obtained 
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Fic. 13. A Capacity CHART FOR SIMULTANEOUS FLOW OF WATER AND AIR 
IN OnE INCH PrPE—PARALLEL FLow 


higher than indicated by the full lines. The dotted curve is meant to strike an 
average between the curves A and B, and gives the mean depth of the water in the 
pipe. It will be noticed that at the intersection of these curves, the inlet, outlet, 
and reservoir gages all indicated about the same depth. This means that the ac- 
celeration due to gravity was just enough to overcome the frictional resistance of 
the pipe. Consequently, there is no change in velocity, nor in depth. The reading 
at this point is about 0.16 in. and the amount of water corresponding to this depth 
is about 40 lb. per hour. 

On curve sheet Fig. 2, the horizontal scale for curve B gives the mean depth of 
the water in the pipe. 

While the investigators were preparing for these experiments, Kutter’s formula 
for the flow of water in channels was applied to the conditions of flow for the test 
pipe under consideration, for the purpose of ascertaining about what quantities of 
water might be expected. By consulting several authorities, 0.011 was selected as 











WIIAA 


Srmmu.LTaNEous FLow or WATER AND AIR IN Pipes, L. S. O’BANNON 163 


the value of the coefficient of rugosity which séemed to be most generally used 
for wrought iron pipe. This value was used in the preliminary calculations and 
the result is represented graphically by curve D. Later, upon selecting a point 
from curve B and substituting in Kutter’s formula, a value for the coefficient of 
roughness of 0.009125 was obtained. Then, choosing 0.009 for the coefficient, 
Kutter’s formula was re-solved for various depths and curve C was obtained.. The 
degree of conformity of the curves, B, and C, for depths less than 0.9 in. is very 
striking. For a full pipe, or for depths very near a full pipe, Kutter’s formula does 
not conform to the experimental results. The reason for this is that just before a 
full pipe is reached the rate of change of the cross sectional area with respect to 
the wetted perimeter is rapidly decreasing. The hydraulic radius decreases as the 
area of a full pipe is approached and the effect in the formula is to decrease the 
quantity of water. 


The Flow of Air 


A number of tests were made to obtain the relation between the pressure drop and 
cubic feet of air per minute flowing through the dry pipe, Fig. 12. The curve 
shown in this paper was obtained with air entering the pipe at atmospheric pressure 
and at a temperature of 70 deg. fahr. Values shown by this curve are consistent 
with the charts for parallel and counter flow of water and air to be described in the 
following. 


Parallel Flow of Water and Air 


The principle achievement which may be claimed as a result of these experiments 
on the simultaneous flow of water and air through 1 in. pipe is represented by 
the parallel flow and counter flow capacity charts. 

These charts show the relation between the pressure drop in ounces per 100 ft., 
the pounds of water per hour, and the cubic feet of air per minute. The manner of 
running the tests for obtaining the data for the chart for parallel flow was as follows: 

The procedure was, first, to adjust the quantity of air. The valves in the air 
piping connected to the reservoirs were closed and the valves in the piping leading 
to the gasometer and to the atmosphere were opened. The vacuum pump was 
started, and a throttle valve located between the receiver and orifice meter was 
opened until the desired pressure was shown on the orifice manometer. As soon 
as the flow became constant, as indicated by the steadiness of the orifice manometer, 
the valve to the atmosphere was closed. The orifice manometer was maintained 
constant as the air was exhausted from the gasometer. The capacity of the gasom- 
eter was 5 cu. ft., and the time required to pass this amount was registered 
by means of a stop watch. Several trials were made and the cubic feet of air per 
minute for the given orifice manometer reading was determined. The valve at 
the outlet reservoir was then opened; the plug was removed from the tee connection 
at the inlet reservoir; and the valve connecting the gasometer to the apparatus was 
closed. The apparatus was then set for drawing air through the test pipe. The 


-vacuum in the outlet reservoir was observed, and since the outlet reservoir was 


open to the atmosphere, this observation gave the pressure drop through the pipe 
corresponding to the existing rate of flow just determined. Everything was in 
readiness, now, for introducing the water. The valve in the line leading from the 
supply tank to the reservoir was adjusted, so that water flowed into the reservoir 
and through the test pipe at a depth of about one-tenth of one inch. 

As soon as the flow became constant the readings of the following instruments 
were recorded: namely, the reservoir depth gage, the inlet depth gage, the weir 
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float gage, the hydrometric goblet, and the pressure drop manometer. The supply 
of water was then increased until the depth of the water in the reservoir had risen 
about 0.05 in. As soon as the flow had become constant the readings of the same 
instruments were recorded. The depth in the reservoir was increased about 0.05 
in. again, and so on, until the test was terminated by the discontinuance of steady 
flow. During the entire test the rate of flow o! air was maintained constant, and 
one such test as that described gave enough data to plot a constant volume line 
on the capacity chart. Similar tests were made for quantities of air ranging from 
about 1 cu. ft. per min., by */2 cu. ft. intervals, up to about 9 cu. ft. 

The mean depth of the water in the pipe is not shown on the capacity chart for 
the reason that the pipe depth gage readings did not give results which were con- 
sidered as consistent and as accurate as the other observations from which the 
chart was obtained. 


rm Ree] 


Pressure Drop-Ounces per Hundred Feet 





Pounds of Water per Hour 


Fic. 14. A Capacity CHART FOR SIMULTANEOUS FLOW OF WATER 
AND AIR IN ONE INCH PirpE—COUNTER FLOW 


Referring now to the capacity chart for parallel flow, Fig. 13, some of the char- 
acteristics of this condition may be studied. In the first place, there is a definite 
amount of air which may flow through the pipe for a given quantity of water and 
for a given pressure drop. Beginning with the vertical axis, the intersections of the 
constant volume lines with this axis give the pressure drops for zero water, or dry 
pipe, corresponding to the cubic feet of air per minute. As the cubic feet of air 
remains constant and as the quantity of water increases, the pressure drop also in- 
creases. This is due to the fact that the area for conveying the air has decreased 
and the velocity of the air has, therefore, increased. As the amount of the water is 
further increased a condition will finally exist where the flow no longer remains 
steady. At this point we have reached the critical capacity for steady flow. The 
border line on the chart for the region of steady flow was drawn through the final 
points on the constant volume lines which were obtained from the observations of 
the individual tests. The change from steady flow to turbulent flow is definite 
and very sudden. A phenomenon is present similar to that which is commonly 
attributed to water hammer in steam pipes, with the exception that in these experi- 
ments the vacuum is created in the outlet reservoir by means of a constant suction 
pump instead of condensing steam. 
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Counter Flow of Water and Air 


For the counter flow tests there was no change in the method of making observa- _ 
tions from that described for parallel flow. The only difference was in the manipula- 
tion of the valves to change the flow of air in the opposite direction, and in opening 
the outlet reservoir to the atmosphere. The plug in the tee connection at the inlet 
reservoir was inserted and the pressure drop manometer connection was changed 
so as to read the vacuum in the inlet reservoir. 

The effect of counter flow on the capacity of the pipe is clearly shown by the chart, 
Fig. 14. For small rates of flow of water and air the differences between counter 
flow and parallel flow are also small. But for greater depths of water in the pipe 
and for higher pressure drops the critical capacities for counter flow occur much 
sooner than for parallel flow. This is, of course, as it should be, since the counter 
flow of air tends to impede the flow of water. 

The effect on the depth of the water in the pipe in the case of parallel flow is to 
decrease the depth for a given amount of water as the quantity of air is increased. 
In other words, the air helps the water along. In the case of counter flow, the flow 
of air retards the flow of water, and, as the amount of air increases, progressively 
greater depths of water in the pipe are required for a constant rate of flow. 


DISCUSSION 


R. V. Frost: The practical value of Professor O’Bannon’s work is in checking 
up the results of the Chezy formula which was used in making the calculations for 
the dry return pipe sizes in the last two editions of Taz GuinE. 


The Chezy formula uses the pitch of the line as the principal factor and the tables 
as prepared give the slopes from vertical down to a pipe of 1 in. in 5 ft. and 1 in. 
in 10 ft., 1 in. in 20, and 1 in. in 30, and covers all sizes of pipe from */, to 6 in. 
Our difficulty at that time was to know exactly how to use that formula applying to 
iron pipe. We took that formula and applied it as far as we could, using the new 
factor 0.011 which Professor O’Bannon illustrated. Then we had the additional 
condition of the flow of air through the pipe to consider and this was applied on the 
theory of the usual steam formula. We had two conditions t» take into account—the 
water and the air. We first were obliged to work out the tables for the amount of 
water that was flowing through the lines under different conditions. Then we had 
to calculate the amount of air, the maximum conditions, and see what the conditions 
would be under which the pipe was operating. We finally settled upon the condi- 
tion that the pipe was running about three-sixteenths of its area with water and the 
balance with air. We took the condition of the full capacity of the radiation as 
3 cu. ft. per,100 sq. ft., using that ratio. We determined that the air should be 
emitted from the radiator in the average time of about 10 min. On that basis the 
tables as they are given in Tue GuipE were worked out completely. 


Now, to show you how closely our calculations check with what Professor O’Ban- 


‘ non has been able to determine, */15 per cent of the area of the pipe falls somewhere 


in the neighborhood of the 100 line. We were about °/1 of an inch below that. 
We felt at the time we were working up these tables that a pipe would reach its 
maximum capacity at about 35 per cent. These per cenis do not show on the chart 
as given, but Professor O’Bannon has them worked out on a chart that he has in 
his possession and that is what I am referring to. Thirty-five per cent falls on the 
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350 line. If you take the 400 line and take the air emission in 10 min. time, we will 
just about strike the line, the critical line. We will have an air emission of 4.8 cu. 
ft. per min. 


Another conclusion that is to be drawn from the work of Professor O’Bannon is 
the effect of length of line on pressure drop. We have a pressure drop of about !/1 
of an ounce for the normal conditions of condensation flow; so that condition can be 
increased, the length of line can be increased up to 500 or 600 ft. up to 1000 ft. before 
we would reach 1 ounce pressure drop, and I don’t think that would ever come under 
practical conditions of working out a dry return line. 


The experimental work of the Research Laboratory in Pittsburgh, given in the 
paper this afternoon, is another verification of that same idea, because they show 
that within the grades that we have normally up to 2 deg. all fall within practically 
a vertical line on their determinations. 


J. A. Donnetty: The formulas of Chezy, Weisbach, Unwin and D’Arcy ali 
carry this square root of the mean hydraulic radius. For pipes running full the 
square root of the mean hydraulic radius is always one-half the diameter. That is 
common to almost all the formulas. It is further modified when we put in one plus 
something in the Kutter and one plus something else in the Unwin formula. Those 
were modifications of the Weisbach and Chezy. I don’t agree with Mr. O’Bannon, 
but think if he checks up a little further he will find that the Kutter formula does 
correspond to pipes running full. That of all the formulas, due to the fact that as 
you cut down the wetted perimeter but a very small amount you have reduced the 
area very little, but the perimeter considerably, so that the maximum value of this 
for pipes running not full becomes as this percentage that he spoke of. But that is 
common to all formulas. The point arises then, immediately, even though this 
value is a little higher, except in very large pipes and very low flow, we would expect 
this wave motion because even though the air was standing still and the water mov- 
ing we would have waves just the same as if the water were standing still and the air 
moving. 


Proressor O’Bannon: I might say that Kutter’s formula is really a modifica- 
tion of Chezy’s formula. 
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AIR MOTION—HIGH TEMPERATURES AND VARI- 
OUS HUMIDITIES—REACTION ON HUMAN BEINGS 


By W. J. McConnegtt, M. D.! (Non-MiEMBmR), F. C. Houcuten,? anp C. P. YaAGLoGLou 
MEMBERS). 


PrirrsBurGH, Pa. 
6 ke proposed studies of the physiological effects of various temperatures 


and humidities on human subjects in still and in moving air while at rest 
and at work have been outlined in previous articles‘ submitted to this 





Fic. 1. Winp TUNNEL WITH SUBJECTS IN POSITION FOR TESTS 


1 Past Asst. Surgeon (R) U. S. Public Health Service, and Surgeon U. S. Bureau of Mines. 

? Research head. 

3 Research Engireer, Research Laboratory, Pittsburgh, Pa. A.S.H.&V.E. 

4 The Effects of High Temperatures and Humidities, by W. J. McConnell, The Nations’ Health, 
vol. 4, Oct. 1922, pp. 616-617. Further Study of Physiological Reactions, by W. J. McConnell, 
we and F. M. Phillips, Jour. Amer. Soc. Heat. & VENT. ENG., Sept., 1923, [pp. 

—514. 

Copyright, 1924, AMERICAN SocIETY OF HEATING AND VENTILATING ENGINEERS. 

Presented at the Annual Meeting of the AMERICAN SOCIETY OF HEATING AND VENTILATING ENGI- 
NEERS, New York, N. Y., January 1924. 
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Society. Some physiological reactions to high temperatures and humidities in still 
air with the exposed subjects at rest were reported in a recent paper,’ and these 
may serve as a basis of comparison for other phases of the study. The results of 
experiments conducted under the same conditions of temperatures and humidities, 
but with different air velocities, are here presented with the view of illustrating the 
influence moving air exerts over still air. 

In planning these later experiments we were confronted with the difficulty of 
obtaining a uniform air velocity over an area large enough to accommodate the 
subjects, and at the same time direct the current of air in such a manner that each 
subject shares its influence. 





RE 
nN 


EFFECTIVE TEMPERATU 


ENDURANCE IN HOURS 


Fic. 2. AVERAGE Time oF SuBJECTS IN TEST CHAMBER FOR TEMPERATURE ABOVE 
Bopy TEMPERATURE 


Air movement in mines and factories is usually incidental, and results from the 
system of ventilation employed. The workmen are exposed to these air currents 
frcm almost any angle, depending upon the position of the body. In sedentary 
occupations, where fans are used for cooling purposes, the individuals either face 
the source of air flow or receive it from a lateral angle. In these experiments, four 
of the subjects were seated as shown in Fig. 1, while the fifth, not shown, sat at the 
front end of the table facing the fans. The wind tunnel, which was constructed 
in one of the psychrometric rooms and designed to supply a constant flow of air, is 
also shown. 

A Getailed description of the tunnel, and the method of controlling and measuring 
the velocity of the air, accompanies the study of the effects of air motion on human 
comfort, which is presented in another paper. In this latter study the subjects 
faced the current of air. 


The methods employed for collecting the various physical measurements were 


* Some Physiological Reactions for High Temperatures and Humidities, bf’ W. J. McConnell and 
F. C. Houghten, Journat Amer. Soc. Heat & Vent. Enc., March 1923, pp. 131-164. 

* Cooling Effect Produced by Air Velocities, by F. C. Houghten and C. P. Yagloglou, Jour. 
Amer. Soc. Heat. & VENT. ENG. 
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practically the same as in the still air experiments.? One notable exception lies in 
the substitution of a mouth thermocouple for recording the oral temperature in- 
stead of the clinical thermometer used in the former experiments. The surface 
and rectal temperatures were taken by means of thermocouples, as described in the 


29 
' 





7° 


TEMPERATURE 


—— Mouth temperature 
——— fectal temperature 


PULSE 


95 


100 
ORY 


Fic. 3. InpIvipuAL CHANGES IN TEMPERATURE AND PULSE RATE 
at 60 Per Cent RELATIVE Humipity AND 200 Fr. VELociTy oF AIR 


previous study. The procedure followed in these tests under discussion remained 
unaltered. 


Physiological Reactions in Still and Moving Air 


Individual physiological reactions, as represented by the rise in body tempera- 
ture, increase in pulse-rate, and loss in body weight, are given in Tables 1 and 2 
7 W. J. McConnell and F. C. Houghten, work cited. 
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through the same range of temperature and humidity as employed in the still air 
experiments mentioned, with air velocities of 200 ft. and 400 ft. per min., respec- 
tively, and serve as a guide in comparing the various physiological responses in still 
and in moving air. 

7 
To 6.2 


TEMPERATURE RISE 


—— Moth temperoture 
——-— Rectal temperoture 


PULSE RISE 


95 400 105 10 M5 120 125 130 
DRY BULB TEMPERATURE, °F. 


Fic. 4. InpivipvaAL CHANGES IN TEMPERATURE AND PULSE RATE 
AT 100 Per Cent RELATIVE Humipity AND 200 Fr. VELociTy oF AIR 


‘hose wishing to make a minute study of the individual reactions for each 
subject may refer to these tables. The rate of reactions likewise is computed 
and then averaged, and columns 10, 14, and 17 represent the mean reactions of five 
subjects. 
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It has been pointed out that the experiments conducted in still air indicated that 
the upper limit of man’s ability to compensate for atmospheric conditions lies 
around 90 deg. fahr. saturated (90 deg. effective temperature). Under similar con- 
ditions, but with an air velocity of 200 ft. per min., this limit is shifted to about 95 
deg. as a result of the cooling effect of the wind. 

Reference to the temperature and pulse curves plotted in Figs. 5 and 6 demon- 
strate the beneficial effects of air motion when the atmospheric temperature is be- 
low the body temperature. The converse is true, however, above body temper- 
ature, as shown by the still air reaction curves falling below those for moving air. 
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Fic. 5. AVERAGE INCREASE IN PULSE RATE IN THE 200 Fr. 
Ve.ocity TEsTs 


At 105 deg., with saturated air moving at a velocity of 200 ft. per min., the average 
rise in body temperature is approximately 1.0 deg. (or to be exact, 0.95 deg.) 
higher than is still air. The neutral conditions at which the effect of air motion 
ceases are shown by the three vertical lines for the different humidities. These 
were obtained in the experiments conducted to determine the cooling effect pro- 
duced by air velocities. 

The physiological reactions resulting from air moving at the rate of 400 ft. per 
min. are much more pronounced, especially at low temperatures. It is significant 
to note, however, that by doubling the velocity of the air, the physiological re- 
actions do not double in rate of change. As stated above, the rise in body temper- 
ature was 0.95 deg. in air moving at 200 ft. per min. at a temperature of 105 deg. 
with a relative humidity of 100 per cent, while under the same conditions, but with 
the air moving at 400 ft. per min., the rise in body temperature is only 1.3 deg., 
the increase of 200 feet in velocity producing only 0.35 deg. additional rise in 
temperature. 
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Period of Endurance under Certain Atmospheric Conditions 


The difficulties in determining the average period of endurance that subjects are 
able to tolerate certain atmospheric conditions are obvious. There is a strong 
disinclination to endure the discomfort, and individuals vary widely in their ability 
to remain in hot and humid atmospheres. It was observed that subjects remained 
exposed to adverse conditions longer after becoming accustomed to the routine of 
the experiments. In general, however, the fact that the subjects used in these 
experiments frequently had to be assisted out of the chamber indicates that they 
could not have remained a much longer period with safety. 

The average time the subjects remained in the test chamber for various conditions 
in still and in moving air is shown in Table 3. 


AVERACE INCREASE IN PULSE RATE -BEATS PER MINUTE 





Fic. 6. AVERAGE INCREASE IN PULSE RATE IN THE 400 Fr. 
VeLocity TEstTs . 


TABLE 3. Time ENDURANCE IN TEMPERATURES ABOVE Bopy TEMPERATURE (Hours) 


Test Conditions Period in Test Chamber 

Effective Dry Relative 
temperature, bulb, humidity, In still At 200 ft. At 400 ft. Mean 
deg. fahr. deg. fahr. per cent air velocity velocity time 
98.2 110 60 2.22 3.00 2.91 2.71 
98.2 125 30 2.92 2.94 2.90 2.92 
100.0 100 100 1.69 1.60 1.79 1.69 
101.1 130 30 1.36 2.22 1.86 1.81 
102.1 115 60 1.00 1.35 1.35 1.23 
106.0 106 100 0.78 0.68 0.68 0.71 
106.2 120 60 0.69 0.63 0.67 0.66 
110.0 110 100 0.75 0.43 0.49 0.56 
110.2 125 60 oa 0.50 0.52 0.51 
114.4 130 60 0.39 0.38 0.35 0.37 


A comparison of the different conditions does not show any appreciable change in 
endurance resulting from air motion. The mean of the results may serve as a fair 
index of the maximum period of endurance of individuals to high temperatures. 
These results are shown graphically in Fig. 2, where the average time in the test 
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chamber is plotted against effective temperatures. . The hyperbolic curve fits the 
points remarkably well and indicates that the maximum endurance of the average 
individual exposed to an atmosphere equal to the body temperature is about 2'/, 
hours. The maximum endurance at 105 deg. effective temperature is approxi- 
mately */, hour, and an effective temperature of 117 deg. limits the endurance to 
1/,hour. By extrapolating the upper end of the curve, it is seen that it becomes 
asymptote to the temperature axis at an effective temperature of about 130 deg., 
at which condition the endurance of human beings is infinitely small. In other 
words, no human being could possibly exist in a saturated temperature of 135 deg. 
or its equivalent for any material length of time. The lower intersection of the 
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Fic. 7. AVERAGE RISE AND FALL oF BLOOD PRESSURE 
AFTER EXPOSURE 


curve with the horizontal axis shows that a temperature of about 98 deg. can be 
endured for about 3 hours. The lower part of the curve cannot with any degree 
of certainty be extrapolated, due to the fact that the tests were never conducted 
beyond a 3-hour period. Furthermore, the cooling effect of the air would alter the 
course of the curve. It will be of interest to compare this curve, which represents 
length of endurance to high temperatures of subjects stripped to the waist at rest, 
with a curve plotted under similar atmospheric condition, but with the subjects at 
work, a phase of the study will soon be in progress. 


Pulse and Temperature Changes 


The importance of the circulatory system was discussed in a former paper,* 
and the experimental evidence produced indicated that the pulse-rate was probably 
the best index to the severity of the discomfort due to high temperatures. The 
series of experiments just completed strengthen this view. Individual pulse and 


* Work cited. 
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temperature changes are plotted in Figs. 3 and 4 for temperatures at 60 per cent and 
100 per cent relative humidities, respectively. 

These show quite a difference in the range of body temperatures for the individual 
subjects, while the increase in pulse-rate is much more uniform. The average in- 
crease in pulse-rate in moving air, compared with the rise in still air, is shown in 
Figs. 5 and 6. 


RISE 


AVERAGE CHANGE, MILLIMETERS 


FALL 





BULB 
or 
56 


Fic. 8. AVERAGE RISE AND FALL oF BLoop PRESSURE 
AFTER EXPOSURE 


The average rise in pulse-rate of five subjects is plotted against dry-bulb tem- 
perature for three different relative humidities—namely, 100, 60, and 30 per cent. 
The still air conditions are shown by dotted lines. In moving air the increase in 
pulse-rate is slightly lower at saturation temperatures below body temperature, and 
considerably lower at 60 per cent relative humidity, than in still air of the same tem- 
perature and humidity. 

Although a certain significance can be attributed to the rate of increase in body 
temperature, one must be guarded in using this rise as a criterion of discomfort. 
It is true that in some febrile diseases, and in an environment where the body tem- 
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perature approximates the air temperature, the pulse frequency correlates fairly 
well with the body temperature, as previously shown by Liebermeister,® Mansfeld,'® 
Hill"' and others. On the other hand, under the more extreme conditions of 
temperature, acceleration of the pulse exceeds the elevation of temperature in the 
majority of instances, and usually means some serious disturbance of the circulation. 
A high pulse-rate with a low temperature, associated with marked weakness, 
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Fic. 9. AVERAGE RISE AND FALL OF BLOOD PRESSURE 
AFTER EXPOSURE 





173 
LENGTH 


numbness, and profuse perspiration, is characteristic of the condition called 
“collapse.” Subjects of these experiments have on occasions developed this con- 
dition. In one instance a subject.after being removed from the chamber remained 
unconscious for 15 min., although his rectal temperature had not exceeded 101 deg. 
fahr. His pulse-rate, however, was very high, and was accompanied with a high 
systolic blood pressure and a minus zero diastolic pressure. In other tests this 


* Sahli’s Diagnostic Methods, Potter; 2nd edition, 1911, p. 111. 
1° Mansfeld, Arch. Gesam Physiol., vol. 134, 1910, p. 598. 
11 BE. Vernon Hill’s (Leonard) Medical Research Comm. Special Report No. 75, 1923. 
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same subject’s rectal temperature exceeded 105 deg. fahr. without symptoms of 
collapse. 


Blood Pressure 


The increase in pulse-rate is accompanied by a marked dilatation of the peripheral 
blood vessels and an altered blood pressure. The systolic and diastolic curves 
follow an entirely different course as shown in Figs. 7, 8, 9, and 10. 










AVERAGE CHANGE, MILLIMETERS 





40 
OF EXPOSURE, MINUTES 


Fic. 10. Averacre Risk AND FALL oF BLoop PRESSURE 
AFTER EXPOSURE 


These show the average rise and fall in millimeters of mercury at the end of each 
test, represented by the solid and dotted lines, over the systolic and diastolic pres- 
sures before each test, indicated by the horizontal lines. These are plotted against 
dry-bulb temperature for three different relative humidities of 30, 60, and 100 per 
cent, with moving air at 200 and 400 ft. per min. Because of the few readings re- 
corded at 100 per cent relative humidity with 400 ft. per min. air velocity the 
results are not plotted. 

It may be recalled that in the still air experiments the pressures began to diverge 
at 120 deg. fahr., 30 per cent relative humidity; at 106 deg. fahr., 60 per cent relative 
humidity, and at 100 deg. fahr., 100 per cent relative humidity. In these experi- 
ments it is seen that these points are shifted slightly, due to the air motion. 
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In order to compare the rise and fall in blood pressure of a single subject with the 
average of five subjects, Figs. 11, 12, and 13 represent the measurements of a single 
subject. 

Such a divergence of the curves seems very significant of a failing peripheral re- 
sistance, with a compensatory systolic pressure. At the end of an experiment in a 
high temperature the diastolic blood pressure was often found to be less than zero. 
This condition persisted only a short time after removal from the test chamber. 
The pulse-rate and mouth temperature likewise fell rapidly, while the rectal tem- 
perature persisted, and in some instance rose slightly for some time. With the 
exception of a slight headache and a tired feeling, the subjects always recovered 
rapidly. 
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MILLIMETERS 


AVERAGE CHANGE, 


FALL 
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Fic. 11. Rise AND FALL oF BLoop PRESSURE AFTER 
EXPOSURE 


Body Temperatures 


While oral, rectal, and surface temperatures were recorded, only the rise in the 
second is plotted against dry-bulb temperature for the various humidities. Surface 
temperatures will be the subject of a separate article. Figs. 14 and 15 give the 
average rise in body temperature (rectal) of five subjects plotted against dry-bulb 
temperature for three different relative humidities of 100, 60 and 30 per cent, at a 
velocity of 200 and 400 ft. per min., respectively. 

The tendencies and general characteristics of the curves are similar to those for 
still air conditions, as shown by dotted lines. The effect of air motion is clearly 
exhibited by the 100 per cent and 60 per cent relative humidity plats, while at 30 
per cent relative humidity it is not well pronounced, undoubtedly due to the fact 
that on account of the low humidity and slight effect that air motion might have, it 
is covered up by experimental error. 
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Figs. 16 and 17 show the variation in physiological reactions for the two air ve- 
locities. While at low temperatures the variation is measurable, at high tempera- 
tures no definite measure can be obtained due to the two curves crossing at several 
points. 

It has been found!? that low velocities are more efficient than high velocities, also 
that at temperatures above 90 deg., effective temperature variation in velocity of 
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Fic. 12. Risk AND Fatt oF BLoop PREssuRE AFTER 
EXPOSURE 


several hundred feet do not produce material change in the comfort of individuals. 
Unfortunately, up to the present time this work has been limited to the cooling 
zone only, so that a comparison cannot yet be made of the physiological reactions 
in still air and in moving air, on the basis of effective temperature. At the few low- 
temperature tests conducted, the results available indicate that the physiological 
reactions follow closely the scale of equivalent effective temperatures. 


No attempt will be made to establish a measure of the changes in the body 


12 Work cited. 
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reactions due to air motion alone until the entire field of the investigation has been 
completed. 
Effect on Respiration 


In the experiments so far conducted—all subjects being at rest—the respiratory 
rate has not noticeably increased during the test, except in extreme conditions. 


RISE 


AVERAGE CHANGE, MILLIMETERS. 


FALL 





BULB 
LENGTH OF EXPOSURE, 


Fic. 13. Risk AND FaLL oF BLoop PrEsSURE AFTER 
EXPOSURE 


In the moderately warm experiments the respiratory rate frequently diminishes. 
In the extreme conditions the air is too hot to inhale through the nostrils and necessi- 
tates oral breathing. The subject apparently seeks relief through respiration, but 
on inhalation he finds no relief and immediately exhales so that the result is a series 
of short, irregular respirations. It is doubtful whether the ventilation of the lungs 
is increased under these conditions. In tests where the air is not too hot, and per- 
mits of nasal breathing, all subjects were able to hold their breath longer than in 
cooler atmospheres. In the extreme conditions, if the subject’s uttention is called 
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to his rapid breathing, and he is asked to breathe slower, he invariably does so. 
On the other hand, on leaving the test chamber, the respirations increase in depth 
and in number. A certain amount of relief is experienced in so doing, and the sub- 
ject continues to breathe rapidly and deeply until he is relieved of the symptoms of 
discomfort he has just experienced. 


Weight Loss 


The average loss in weight per hour for the two different velocities is given in 
Figs. 18 and 19 plotted against dry-bulb temperature for the three different relative 
humidities. 

It will be observed that the rate of change in the loss in weight is much smaller 
for low than for high temperatures, which is the natural result to expect. No direct 
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comparison can be made with the loss in weight for still air, due to the fact that 
the weights in the still air tests were not determined immediately before and after 
the tests, as they were in the last series of experiments. 

That the series of experiments had no appreciable effect on the weight of the 
subject is apparent from the following Table 4. 


TABLE 4. SHOWING EXPERIMENTS’ EFFECT ON WEIGHT 


Subject 
When weighed B. M. Fi. F, McC. Ss. 
Before series of tests, lb............. 117 118.6 135.7 140.12 146.11 133.6 
After series of tests, Ib............... 114 129.1 135.6 140.0 145.0 183.10 


High Temperatures and Basal Metabolism 


An extensive series of experiments has been conducted to determine the effects 
of high temperatures on the basal metabolism of the body and the results have been 
made a subject of another paper now in progress of writing. 
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Body Functions and Extreme Atmospheres 


In conjunction with this work, considerable study has also been made of the regu- 
lation of body functions in extreme atmospheric conditions. Dr. Edward F. Adolph 
of University of Pittsburgh, who possessed data from an extended series of experi- 
ments upon 20 different men, continued his studies in the Research Laboratory of 
the Bureau of Mines and included a study of all data collected, together with the 
results of special experiments designed to determine the acid-base equilibrium, 
hydrogen-ion concentration, bicarbonate concentration, and the carbon dioxide 
dissociation curve of the blood; also, alveolar carbon dioxide tensions, the excretion 
of bicarbonate in urine, and the urinary hydrogen-ion concentration, and the changes 
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in the hydrogen-ion concentration of the sweat. This information is now available 
and is also in progress of publication.’ 

The urine was examined for albumin and sugar at intervals after exposure to 
the extreme condition, but in every instance the urine proved negative. 

A record was kept of the food eaten by each subject; but upon careful study of the 
data collected no relation was revealed between the food eaten and the physiological 
reactions, with the exception that occasionaliy some article of diet not well pre- 
pared was accused of causing emesis during a test. 

General Observations of Subjects 

It is of interest to note that subjects who were compelled to leave a test on account 
of “feeling sick,” although no marked change in their physiological reactions was 
recorded, invariably gave a history of constipation on that day. 

"% The Effect of Exposure to High Temperatures upon the Circulation in Man, by Edward F, 


Adolph, assisted by William B. Fulton, To be published in the March, 1924, number of the American 
Journal of Physiology. 
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Certain individuals seem either to gain a rapid tolerance to high temperatures or 
are able to dispel the fear of danger from exposure. It was thought necessary to 
drop certain new subjects on account of their apparent inability to tolerate the 
conditions. Some would vomit shortly after entering the test chamber; others 
complained of the inability to breathe; while still others would not complain, but 
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would simply faint. Later these same subjects proved to be among the best for 
endurance in the hot tests. No doubt fear of the unexpected was the influencing 
factor. A certain amount of fear was experienced by the best and oldest subjects 
on exposure to extreme conditions, as was noted in their unwillingness to remain in 
the test chamber alone. 

The symptoms complained of on exposure to these extreme conditions of temper- 
ature are no different from those listed for the still air experiments, and include 
restlessness, irritability, headache, itchiness of the skin and scalp, palpitation, 
weakness, and subsequent fatigue. 


Fic. 18. AveracE Loss 
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Conclusions 


1. Air motion exerts a cooling effect on the human body in atmospheres 
where the temperature is less than that of the body; in temperatures above that 
-of the body air motion increases the discomfort, but the rate of change in re- 
actions cannot be doubled by doubling the velocity of the air. 


2. Within the range of the experiments no appreciable change in the period 
of endurance resulted from air motion as indicated by the series of tests in still 
and in moving air. 

3. The pulse-rate appears to be the best index to the severity of the discomfort. 


4. The correlation between the pulse frequency and body temperature is not 
constant. 
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5. The systolic blood pressure increases on exposure to high temperatures 
while the diastolic pressure decreases, and frequently becomes a negative quan- 
tity. 

6. The peripheral blood vessels dilate on exposure to high temperatures. 

7. Respirations are increased in rate and depth after removal from a hot 
atmosphere to a cooler one. 

8. The loss in weight which occurs after exposure to high temperatures is not 
permanent. 

9. Exposure to high temperatures did not cause albuminuria in any of the 
subjects of these experiments. 

10. Special studies of certain physiological reactions due to high temperatures 
are reported in separate articles. 
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COOLING EFFECT ON HUMAN BEINGS PRODUCED 
BY VARIOUS AIR VELOCITIES 


By F. C. Hoveuten,! anp C. P. Yacioaiou,? PirrspurGH, Pa, 
MEMBERS 
Tis fact that cooling may be produced by air motion dates from the earliest 


history of civilization. Egyptian kings were cooled by air motion produced 
by fans in the hands of their subjects. 





Fic. 1. Wuinp TUNNEL AND FANs IN VELOcITY Room 


In the last decades of civilization, mechanical means have been devised for pro- 
ducing movement of the air and today practically all modern buildings are equipped 
with blowers and fans for ventilation and cooling purposes. While these develop- 
ments a recentered on the importance of air motion in air conditioning very 
little attention has been given to establish a quantitative measure of the cooling 
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produced on the human body by various air velocities of different temperature 
and humidity. 

Dr. E. V. Hill has given the relation between wet-bulb temperature and cool- 
ing by air motion in connection with the Synthetic Air Chart. (TRANSACTIONS, 
A.S.H.&V.E., Vol. 26, 1920, page 540.) This relationship is in very close agree- 
ment with that given in this paper for a relative humidity of about 40 per cent. 
For higher and lower humidities, however, the relation does not hold true. 


Harrington and Sayers of the U. S. Bureau of Mines have conducted an exten- 
sive investigation of the relation of temperature, humidity and air motion to hu- 
man comfort (Physiological Effect of High Temperature and Humidity with 
and without Air Motion, by R. R. Sayers and D. Harrington, U. 8S. Bureau of 
Mines, Report of Investigation, Serial No. 2464). Their work was carried on largely 
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Fic. 2. PsyCHROMETRIC CHART SHOWING EXPERIMENTAL DaTA 
OBTAINED ON THREE EFFECTIVE TEMPERATURE LINES At 300 Fr. 
VELOCITY 


in hot metal mines of the west. While the reports give little or no quantitative 
data on cooling by air motion they are of great value in pointing out the relative 
importance of the three factors. 

The cooling produced by air motion on the human body is necessarily governed 
by the difference in temperature between the body and its atmospheric environ- 
ment. In order to maintain thermal equilibrium with the development of heat 
through metabolic processes within the body, the latter dissipates heat by radiation, 
convection and evaporation. Heat loss by radiation depends upon the character 
and temperature of the surfaces of the body and surrounding objects, and is in- 
dependent of air motion excepting as the latter may vary these surface tempera- 
tures through a change in the rate of heat loss by evaporation and convection. 

Convection in the strict sense of the word applies only to those air currents which 
are set up by a change in density of the air due to change in temperature. In the 
broader meaning of the word it includes air motion from any source. When used 
in the latter more general sense heat loss by convection is greatly affected by air 
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motion. The air in immediate contact with the body soon becomes heated to nearly 
body temperature as a result of which, heat is very slowly transmitted through 
the layer of warm air to the cooler air beyond. This so-called surface film of 
air plays a most important role in the transmission of heat from the surface of any 
body into the air. In the case of transfer of heat from a hot liquid through a metal 
pipe into the air, this surface film is the most important factor. 

Air motion over the surface of the body tends to break up or decrease the effec- 
tive thickness of the air film. The heated air near the surface which has lost its 
capacity for taking heat from the latter is removed and replaced by a fresh cool 
supply of air which in turn takes up heat to be removed by the moving stream of air. 
The greater the velocity of the air the more rapid this process and the greater the 
rate of heat loss by convection. 
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Air motion also plays a very important part in the loss of heat by evaporation. 
The same film of air next to the surface of the body tends to become saturated with 
water vapor, thus losing its capacity to evaporate water, as well as losing its ca- 
pacity for taking up heat. Removing this saturated film of air and replacing it by 
air of greater evaporating capacity accelerates evaporation and hence heat loss 
by this means. 

The Laboratory is making a study of the relation of temperature, humidity and 
air motion to human comfort. The work for still air has been completed and the 
results are published in two previous papers. (JouRNAL A.S.H.&V.E., March 
and September 1923.) Conditions giving the same feeling of warmth for various 
combinations of temperature and humidity within the limits of practical experience 
were determined and a scale of effective temperature for still air was developed. 
This scale is a true index of comfort. 
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This paper presents further information resulting from a continuation of the 
investigation with the additional factor of air motion. 


Equipment 


The data for this report was collected in the two psychrometric chambers 
equipped by the Research Laboratory at the Pittsburgh station of the U.S. Bureau 
of Mines. Two wind tunnels 5 x 7 x 10 ft. (large enough to accommodate two or 
three persons) of exactly the same type and construction were built, one in each 
chamber. To enable the walls and roof of the tunnels quickly to attain the tem- 
perature of the air, thin galvanized iron was selected for material. At one end of the 
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tunnel in one room referred to later as the velocity room, a bank of twenty 15-in. 
aero fans of the propeller blade type, was set up on iron frame work. The fans, 
with their guard frames removed, were arranged 13°/, in. from center to center in 
two vertical planes 15 in. apart, the tips of the blades overlapping about 1 in. 
To obtain a uniform velocity in the tunnel two eight-mesh screens were placed 
1 foot from the blades of the fans and 2 in. apart. 

The velocity of the air was varied by controlling the supply of air allowed to 
return to the fans through an arrangement of doors, around the front end of the 
tunnel. Small variations in velocity were accomplished by means of a rheostat in 
series with the main circuit. 

Fig. 1 shows the tunnel with the bank of fans at the far end and the doors and 
shutters at the front. It was found that this arrangement produced a uniform 
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wind velocity over the cross-sectional area of the.tunnel beyond 31/2 ft. from the 
fan blades. 

Air velocities were measured by means of three anemometers. Two anemometers, 
one having a Bureau of Standards calibration were reserved as standard and only 
used occasionally to check the instrument in constant use. The standard in- 
struments were never used in high humidities and handled with great care. They 
were occasionally checked with a Kata thermometer and other standard anemom- 
eters of the U. S. Bureau of Mines. 

A preliminary survey disclosed that there was no measurable variation in velocity 
over the area of the tunnel beyond 31/2 ft. from the fan blades and a few inches 
from the floor and walls. All anemometer readings were taken with the instru- 
ment suspended at the level of the observers’ shoulders near the center of the tun- 
nel. Velocity observations were at all times made with observers standing at either 
side of instrument, so that the velocity recorded was that with the observers in 
the tunnel. 

The judges stripped to the waist and wearing light-weight trousers stood side 
by side facing the fans at a distance of 4 ft. from the blades. 

The tunnel in the still air room does not need any description as with the elimi- 
nation of fan and shutter arrangement, it is exactly like the one described above. 


Temperature readings in the two tunnels were obtained by means of automatic 
fan psychrometers properly screened from body radiation and checked frequently 
against sling psychrometer observations. 


Method of Conducting Tests 


Approximately 1000 tests were made with three judges in the majority of the 
tests, two of them taking part in all. A desired condition of temperature and hu- 
midity was produced in both rooms and maintained in the still air chamber. The 
fans in the velocity room were then started and the velocity adjusted to the de- 
sired value. Under these conditions the velocity room was considerably cooler than 
the other. The temperature and humidity of the former were then slowly raised 
keeping the relative humidity the same as that in the still air chamber, while the 
judges passed back and forth from one chamber to the other and recording each time 
individually the relative feeling of warmth of thetwochambers. The temperature 
conditions of the rooms were recorded by one of the observers and kept unknown to 
the other two. As the temperature in the velocity room continued to rise a point 
was reached where the condition with air motion was equivalent to the still air 
condition and finally where the velocity room was the warmer of the two. The 
difference in effective temperature between the two rooms at the equivalent condi- 
tion represented the cooling in degrees effective temperature produced by the 
particular velocity. 

In a great number of tests the process was repeated in the reverse order to ob- 
tain a check on the first point. The velocity room was cooled gradually until the 
equivalent point was reached again and finally until the velocity chamber became 
the cooler of the two. 

Table 1 gives the data collected in a representative test with 300 ft. air velocity. 
It will be seen that the change in effective temperature from the point where the 
observers agreed that the velocity room was cooler to the point where they agreed 
that it was warmer is only 1.2 deg. effective temperature. These conditions are 
shown by points A! and B! in the psychrometric chart, Fig. 2. By making other 
tests with the same effective temperature in the still air room but with different 














198 TRANSACTIONS AMERICAN SocieTY OF HEATING AND VENTILATING ENGINEERS 





100 0 120 
) AnD EguivaLent EFFECTIVE 


90 


60 
DRY BULB TEMPERATURE 


Fic. 6. PsycHROMETRIC CHART WITH EFFECTIVE TEMPERATIVE (FOR STILL AIR 
TEMPERATURE FOR 150 Fr. VELOCITY 


x 
< 7 
4+ ¢€£ é g 
6 © 3 
Og 8 of 
eo « t gE 
Seer , 
WEsee rs: 
5 FES E G52 
Poe ody g 
GO ué #8 
A 2 4 a 
oO w 5 3 
& 
W W 


g ¢ 8 8 8 


yiy AYG 340 ‘S17 43d BYNLSION 4O SNIVYD 


relative humidities as shown by the various points, the corresponding equivalent 
conditions represented by points B were obtained for the same velocity. All 
points B give the same feeling of warmth with the given air velocity as points A in 
still air on the 80 deg. effective temperature line. 
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Since the line on which points A were located was called the 80 deg. effective 
temperature line for still air, in a similar manner the line averaging points B may be 
called the 80 deg. equivalent effective temperature line for 300 ft. velocity. 


Data and Results 


A large number of such lines were determined, ranging from 40 deg. effective 
temperature, the lowest attainable at the time of this writing, to body temperature 
and for various velocities from 150 ft. to 500 ft. per min. Three representative 
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lines are shown in Fig. 2 for 300 ft. velocity. The slope and curvature of the lines 
follow certain definite physical laws as shown in Figs. 3, 4 and 5, where equivalent 


TABLE 1. SampLe oF TEsT Data TO DETERMINE EQUIVALENT CONDITIONS WITH 300 
Fr. Air VELOCITY PER MINUTE 


First Room Second Room Observers’ Feelings 

Still Air 300 Ft./Min. Still Air Room Feels 
D.B Ww. B. D. B. W. B. A B Cc 
83.5 78.6 85.9 81.8 Cooler Cooler Cooler 
83.4 78.5 87.4 82.7 Cooler Sl. Cooler Cooler 
83.2 78.5 88.0 82.9 Sl. Cooler Sl. Cooler Cooler 
83.3 78.4 88.7 83.2 Same Same Same 
83.4 78.5 89.0 83.5 Sl. Warmer Same Warmer 
83.3 78.7 89.3 83.9 Warmer Sl. Warmer Warmer 
83.5 78.7 90.3 84.6 Warmer Warmer Warmer 
83.7 78.8 91.2 84.9 Warmer Warmer Warmer 

The two equivalent conditions are shown by points A! and B! in Fig. 2. 
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effective temperature is plotted against dry bulb temperature at the points of 
their intersection with the various relative humidity lines. 

It will be seen that all three sets of curves have the same characteristics and 
that the tendency of wind velocity is to swing the lower part of the curves to the 
right as the velocity increases. The effect of humidity is also shown very dis- 
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tinctly. At low temperatures each set of curves terminates at a common point 
where the effect of humidity is eliminated completely. In other words the equiva- 
lent effective temperature lines become parallel to the dry-bulb temperature lines. 
These three common points are on the 40, 45 and 49 deg. equivalent effective 
temperature lines for 150, 300 and 500 ft. velocities respectively. The upper ends 
of the curves are neutral points at which the effect of air motion vanishes completely, 
producing neither cooling nor heating on the human body. 

The general characteristics of equivalent effective temperatures and their re- 
lation to still air effective temperatures are shown on the psychrometric charts 
in Figs. 6, 7 and 8 for the three different velocities, namely, 150, 300 and 500 ft. 
These charts are very valuable in so much as they show the interrelation of the 
information in Figs. 3, 4 and 5 to other physical qualities of air. 

Attention is called to the fact that the equivalent effective temperature lines are 
not straight over the entire region investigated but form a series of curved lines par- 
allel to the dry-bulb temperature at low temperatures and distinctly curved for 
temperature above the comfort zone. A comparison of the three charts discloses 
the effect of air motion on the slope and curvature of the lines. The higher the 
velocity the more pronounced the curvature of the lines. 


The scale of equivalent effective temperature is given on the chart between 
40 per cent and 50 per cent relative humidity. The numerical value of any line 
is fixed by the effective temperature to which it is equivalent. 

As meniioned above the cooling produced by a certain velocity is the difference 
between the effective temperature of the equivalent condition and that of the 
corresponding still air condition. It will therefore be observed in the charts that 
for the same velocity the cooling varies with body dry- and wet-bulb temperature. 


As the difference in temperature between the body and its atmospheric en- 
vironment decreases, cooling due to air motion also decreases and finally when the 
temperature of the environment reaches that of the body the cooling becomes 
zero. In other words there are certain definite conditions of temperature and 
humidity at which air motion is of no value whatever. These conditions may be 
called neutral, as far as air motion is concerned and a line joining them may be called 
the neutral line. Practically no variation in the neutral line has been found within 
the range of velocities employed in the tests and therefore they are drawn through 
the'same points in all three charts. 

The neutral line is a boundary separating conditions on the left where air motion 
produces cooling from conditions on the right where air motion produces heating. 


The region of the chart so far investigated covers conditions between the neutral 
line and the equivalent effective temperature lines which are parallel to the dry 
bulb lines. 

The charts in Figs. 9 to 13 give the cooling both in degrees dry bulb and degrees 
effective temperature for air velocities from zero to 700 ft. per min. They are 
for 20, 40, 60, 80 and 100 per cent relative humidity. The dry-bulb temperature 
of the various equivalent effective temperature lines at a given humidity as ob- 
tained from Figs. 6 to 8 is plotted against air velocity at intervals of 2'/.deg. The 
numerical value of the various curves at their intersection with the vertical axis, that 
is zero air velocity, gives the effective temperature for still air, for that particular 
relative humidity. Two parallel scales for dry-bulb and effective temperature at 
the left of the charts give the relation between these two temperatures for the 
particular humidity at zero velocity. The equivalent effective temperature 
scale is given vertically at the center of the chart. 
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In order to determine the equivalent effective temperature for any humidity 
and dry-bulb temperature follow the horizontal line through the given temperature 
to the air velocity and read the equivalent effective temperature on the scale of 
the curved lines. For example to find the equivalent effective temperature for 70 
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deg. dry bulb, 40 per cent relative humidity and 200 ft. air velocity, follow the 70 
deg. dry-bulb line to 200 ft. velocity, on the 40 per cent relative humidity 
chart. This point is on the 56 deg. equivalent effective temperature curve. In 
order to determine the cooling in degrees dry bulb for this condition follow the 
same equivalent effective temperature line to the left to its intersection with the 
vertical axis at 61.0 deg. dry bulb. The difference between 70 deg. and 61.0 
deg. or 9 deg. is the number of degrees dry-bulb cooling produced by the 200 ft. 
air velocity for this particular condition The cooling in degrees effective tempera- 
ture is given by the difference between 63.6 deg. E.T., and 56 deg. E.E.T., the 
effective temperatures for 70 and 61.0 deg. D.B. respectively found on the effective 
temperature scale opposite the dry-bulb scale. The cooling is 7.6 E.T. If the 
above information is desired for any condition whose relative humidity is not 
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represented in the five charts it can be found for the same temperature but for 
the next higher and lower humidities and interpolating between these values. 


Discussion 


Several interesting facts are brought out by the psychrometric charts, Figs. 6 
to 8 and the cooling charts Figs. 9 to 13. 


1. The greater the air velocity the more nearly parallel the equivalent 
effective temperature lines becomes to the dry-bulb temperature lines. In 
other words as the air velocity increases dry-bulb temperature becomes more 
predominant as an index of comfort. Also the greater the velocity the 
higher the temperature, at which the equivalent effective temperature 
lines become vertical, in which case comfort is independent of wet-bulb 
temperature. 











} 





—_e-- 


204 TRANSACTIONS AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 
2. At ordinary temperatures the higher the relative humidity for a given 
dry-bulb temperature the greater the cooling produced by any air velocity. 


3. There is no cooling produced by moving air for a dry-bulb temperature 
equal to body temperature at 100 per cent relative humidity and also for a 
slightly lower temperature at zero relative humidity. The highest tempera- 
ture at which cooling results from air motion is 123.5 deg. dry bulb and about 
30 per cent relative humidity. 


4. For any condition there is greater cooling per unit increase in air velocity 
for low velocities than for high. Above 300 ft. cooling is approximately a. 
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straight line function of velocity. It is therefore evident that extrapolation 
beyond the limits of our experimental data gives results sufficiently accurate 
for practical purposes. 


The above facts may be explained from a knowledge of the laws governing the 
production of heat in the body, its transfer to and dissipation from the surface. 
The heat developed in the body by metabolism is carried to a point near the sur- 
face by conduction and by the circulating blood. From this point it passes through 
the inactive part of the skin largely by conduction. The temperature of the body 
a very short distance within the surface maintains itself at a very uniform tempera- 
ture of about 98.6 deg. Since heat passes through the outer skin by conduction 
there must be a temperature drop. That is, the true surface of the skin must be 
at a temperature somewhat below that of the body. After passing through the 
outer skin to the surface heat is lost by radiation, convection and evaporation. 
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Heat loss by radiation depends largely upon the difference in temperature 
between the surface of the body and surrounding objects. Loss by convection 
depends largely upon the difference between surface and air temperature. If the 
dry-bulb temperature of the air and surrounding objects is constant the only factor 
which can change the loss of heat from the surface of the body by either radiation or 
convection is the temperature of its surface. The human mechanism probably 
controls surface temperature slightly, and thereby heat loss by radiation and con- 
vection, by controlling the heat supplied for transmission through the inactive 
outer layer of the skin. Such a reduction in heat available for flow through the 
skin would result in lowering the skin temperature, not by increasing the tempera- 
ture gradient through the skin itself but by increasing the depth of a smaller gra- 
dient resulting in a greater total difference between body and surface temperature. 
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Heat loss from the surface by evaporation depends upon the amount of moisture 
available, the difference between its vapor pressure and the vapor pressure of the 
air, and air motion. Since the vapor pressure of the moisture on the surface 
depends upon its temperature the body cannot control this factor excepting as it 
controls the skin temperature. The difference in vapor pressure at any dry-bulb 
temperature depends, therefore, almost entirely upon the relative humidity of the 
‘air. The lower the relative humidity the greater the difference in vapor pressure 
and therefore the greater the evaporation. Probably the greatest control which the 
body has of heat loss is in the amount of moisture available for evaporation from 
the surface. 

Let us consider the two relative humidities of 30 per cent and 90 per cent at 85 
deg. dry bulb. At 30 per cent relative humidity and 85 deg. dry bulb the effec- 
tive temperature is 73 deg. while at 90 per cent the effective temperature is 83 
deg. As shown above the heat loss by radiation and convection for these two con- 
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ditions probably does not differ much. The heat loss by evaporation at the lower 
humidity would be considerably greater than that at the higher if the moisture 
available for evaporation from the skin was not limited. The amount available 
is, however, less than that demanded. 

At the higher humidity there is more nearly as much as will evaporate than 
there is at the lower humidity. Air motion, therefore, will produce more cooling 
by evaporation at the higher humidity. This greater cooling at high humidities 
for any air velocity and temperature swings the equivalent effective temperature 
lines around so they become more nearly parallel to the dry bulb lines. 

At body temperature and 100 per cent relative humidity, the body and skin at- 
tain air temperature and there is no change in heat loss due to air motion. There- 
fore heat loss by radiation, zonvection and evaporation ceases. 

At a temperature slightly below that of the body with zero relative humidity 
the drop in temperature through the skin necessary for the transfer of the heat. 
produced in the body, brings the skin and air to the same temperature resulting 
again in no heat loss by radiation or convection. The only loss in this case is by 
evaporation. The capacity of the air for evaporation is so great that all the avail- 
able moisture is evaporated without the aid of air motion, hence it cannot be 
increased. This point could not be determined by direct experiments but the 
direction on the neutral line at 12 per cent relative humidity, the lowest point de- 
termined, and the intersection of the effective temperatures with the equivalent 
effective temperature lines located it with considerable accuracy at 97.7 deg. dry 
bulb. 


Application 


The information included in the psychrometric charts Figs. 6 to 8 and the cool- 
ing charts Figs. 9 to 13 finds many applications in the problems of the air condition-- 
ing engineer. 

The resort to air motion as a means of cooling is as old as human experience. 

For conditions where air motion gives considerable cooling it is probably the 
most effective and inexpensive means available. Unfortunately at high tempera- 
tures and humidities no great relief can be had by this means. The charts are val- 
uable in showing what conditions can be improved or even what conditions will be 
made more unbearable by air motion. Whether it is desired to cool unbearable 
conditions in industrial establishments and mines or to make more comfortable 
conditions in theaters, churches and other public buildings the air condition- 
ing engineer demands an answer to the following: 


1. Will air motion improve the existing condition or make it more un- 
bearable? 

2. How much cooling in degrees effective temperature will a certain air 
velocity produce at a given temperature and humidity? 

3. If the effective temperature of a given condition is too high for com- 
fort or endurance and the cooling in degrees effective temperature necessary 
to alleviate the situation is known, what air velocity or what combination of 
air velocity and other changes will give the desired result? 


The charts give all information necessary for answering the above questions. 
A glance at Figs. 6 to 8 will answer the first question. If the condition is to the left 
of the neutral line, air motion will improve it while if to the right, it will make the: 
condition worse. 
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Given a condition of 90 deg. dry bulb and 60 per cent relative humidity (78.3 
deg. wet bulb) what cooling will result from a velocity of 300 ft. permin? The 
chart, Fig. 7, gives the answer to this problem. The effective temperature of the 
condition is 82 deg. and its equivalent effective temperature 77.4 deg. The dif- 
ference between the two or 4.6 deg. effective temperature is the desired cooling. 
If the velocity given was 350 ft. instead of 300, the cooling could be obtained from 
the chart, Fig. 11, which gives cooling at 60 per cent relative humidity for any air 
velocity from 0 to 700 ft. per min. The intersection of 90 deg. dry-bulb line 
with that for 350 ft. velocity gives an equivalent effective temperature of 76.8 deg. 
The difference between 82 deg. effective temperature found opposite the 90 deg. 
dry bulb on the effective temperature conversion scale, and 76.8 deg., gives 5.2 deg. 
effective temperature cooling. If the cooling was desired for 350 ft. velocity 
at 90 deg. dry bulb and 70 per cent relative humidity, it would be necesary to ob- 
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tain the cooling for 90 deg. dry bulb and 80 per cent relative humidity, from the 
chart, Fig. 12. The cooling for 90 deg. dry bulb and 80 per cent humidity is 5.3 deg. 
E.T. The cooling for 90 deg. and 70 per cent humidity would be approximately 
the mean of 5.2 deg. and 5.3 deg. or 5.25 deg. 

The atmospheric condition in a certain place is 90 deg. D.B., 84.5 deg. W.B., or 
86.1 deg. E.T., and it is desired to make it equivalent to 80 deg. E.T., by means of 
air motion. What velocity is necessary? Referring to the chart for 80 per cent 
relative humidity, Fig. 12 and locating 90.0 deg. D.B., on the scale of the latter 
follow the horizontal line through this point to its intersection with the 80 deg. 
equivalent effective temperature curve then down to the velocity scale where it is 
found that 420 ft. air velocity will give the desired result. 

Another application of the cooling charts in conjunction with cooling by evapora- 
tion is worthy of consideration. A condition of 87 deg. wet bulb and 101.5 deg. 
dry bulb or 90.4 effective temperature and 56 per cent relative humidity existed 
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in the St. Johns Del Rey Mine’ and it was desired to cool it to 80 deg. effective 
temperature. This condition was improved by cooling and dehumidifying, by 
refrigeration to 76.2 deg., wet bulb and 97.4 deg., dry bulb or 82.7 deg. effective 
temperature. We wish to determine from the charts if the same improvement 
could be obtained by an air motion or by evaporation and air motion. 

The above condition (101.5 deg. dry bulb, 87 deg. wet bulb and 90 deg. effec- 
tive temperature) may be made equivalent to 87.2, 86.2 or 85.2 deg. effective 
temperature with the aid of 300, 500 or 700 ft. air velocities, respectively. As 
determined from the charts this improvement is not equal to that actually obtained 
by refrigeration. If the air had been cooled by evaporation of water at the same 
temperature as the air, the wet-bulb temperature would have remained the same 
while the dry-bulb temperature would have dropped to the same value, or 87 deg. 
The effective temperature would also be reduced 87 deg. If the same air velocities 
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are now produced, the condition of 87 deg. effective temperature will be made equiva- 
lent to 82.5, 79.9 and 77 deg. effective for the 300, 500 and 700 ft. velocities, re- 
spectively. Evaporation of water at the same temperature as the air and a veloc- 
ity of 300 ft. would theoretically give the same result as obtained by refrigeration, 
while a velocity of 500 ft. would give about 2'/2 deg. greater cooling. In practice 
the theoretical value cannot probably be attained. However, the cooling resulting 
from evaporation of water and 500 ft. velocity would probably be equivalent to 
that actually obtained at the expense of refrigeration. 

It is of interest to note that for the original condition the cooling for the three 
velocities was 3.2, 4.2 and 5.2 deg., while for the saturated condition the cooling 
for the same velocities was increased to 4.5, 7.1 and 10 deg., respectively. This 
combination of cooling by evaporation and air motion is of great value in improving 
certain high temperatures where the relative humidity is not high. 


1 The Air Cooling Plant of the St. Johns Del aoe Mining Co., Ltd., Brazil. Trans. Inst. Min, 
Eng., Vol. LXIII, pp. 326-341 and 424-427, London, 1922. 
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DISCUSSION 


W.H. Carrier: I wish to point out some applications, some, that have already 
‘been made, and some that undoubtedly will be made in the future, and I want to 
show you something of their economic importance. 


Mr. Houghten has already spoken along that line in discussing possibilities. 
I would like to give you some illustrations of accomplishment that parallel his pre- 
dictions. All of these results, unless they are used, won’t do us much good. There 
is very valuable information here if it is interpreted and its application shown; 
I think one of the things that we ought to do in the Society, either. through com- 
mittees or through the Research Laboratory, is a little education slong the lines 
of application of this very valuable data. 

Some time ago I had an illustration of a thing that Mr. Houghten very nicely 
pointed out, that in very high temperature conditions by saturating the air you 
could get an enormous cooling effect. I am going to show what that does on this 
chart, and then I am going to tell you where it is used and what it meant in dollars 
and cents. Take a condition of still air. We had 110 deg. and a dew point of 
about 80. This is in the rolling mill industry. Men tried to work in there. They 
had a lot of ventilation, even to give them that condition—120 deg., and radiant 
heat besides. But that would be on the comfort chart equivalent to about 87 
deg. saturated. It is very near, you see, this borderline where a man would soon 
die, no bodily heat beirig removed. Men couldn’t work for any length of time 
under those conditions. Of course the mills were shut down. By saturating the 
air and getting an air velocity we would get a comfort line that would correspond to 
75 deg. still air saturated or very good working conditions for men that are used to 
heat. 

Another illustration. In mines in India all the methods they had used of air 
blast, etc., on the men at certain conditions of weather, failed. They didn’t have 
these charts then, but they took a chance and tried. They put on humidifiers and 
the results greatly exceeded their expectations, as you might see by the experi- 
mental effect, shown on this chart, of a draft of saturated air; no refrigeration. 
‘The air was simply cooled down by saturation and blown on the men. Where they 
were previously forced to shut down during long periods they were now able to con- 
tinue with full effectiveness. That meant they could operate a period of time 
when other mills were shut down and during other periods when other mills were 
barely getting along. That was a chance discovery. With this data in our hands 
we can tell a man exactly what todo. The small result, of course, is to sell some 
apparatus. The big result is to increase production and it comes right back 
in dollars and cents, whether you live here in the United States or in India. The 
steel mills ought to pay money for work of this kind. One mill can afford, where 
they are operating under those conditions, to pay for this whole research out of 
their own pockets from the benefits they can get from it. 
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E.8. Hauuetr: This is information that I have been looking for for a long time. 
I have been connected with designing auditoriums that have to be used in summer 
time and I have often wanted to know how much I could do, and I know now just 
whatIcando. Nobody did know until these paperscame out. Mr. Houghten told 
me yesterday what he was doing and I said, “‘That is the thing I have been wanting 
to know more than anything else.” We had to travel in the dark. We knew there 
was something but not just what. As Mr. Carrier said, we don’t have to guess 
about it now. We have the information and we can design to get cooling effect. 
It is a very great service to me personally. 


E. Vernon Hitu: There is one point in this connection that I would like to 
make and that is the application of this very valuable work. If we can’t apply all 
this new data that the Research Laboratory is giving us, it doesn’t fulfil its real 
purpose. One way, it seems to me, is to make the applications more understandable 
to the members of the Society. I presume that I represent the average intelligence 
of the members here and it is mighty difficult for me to follow these charts as they 
are prepared. We are opening up a “ew field; it is virgin in experimental work; 
and it seems to me that due consideration has not been given to the proper presenta- 
tion of these charts. This data should be in a more readily understandable form. 


Perhaps I am entirely wrong, but take for instance the equivalent temperature 
line running through 40 per cent relative and 68 deg. dry bulb. That would be 
somewhere around 64 deg. Now that is labeled 64 deg. equivalent temperature 
curve, presumably because it passes through the saturation curve at 64. Why 
wouldn’t it be much simpler to call that the zero comfort line? We all know what 
the comfort line is. It means that any point on that line is comfortable and why 
call it the 64 deg. equivalent temperature line? Then, if we call that the comfort 
line, we could go up and speak of the unbearable conditions above that, and when 
you refer to those conditions on the chart it would carry a meaning to everyone here. 
It seems to me that the charts could all be simplified so that the members as a whole 
would get this thing much better than they do. I think if some attention was given 
to that the members would get this quicker without so much study and it would in 
this way be of much more value to them. ‘ 


I do not think we should lose sight of the fact that when you are breaking new 
ground, going into new fields, you adopt names and chart forms, nomenclature and 
that sticks forever and a day. 


F. D. Menstne: I certainly believe Doctor Hill is right. I hate some of the 
words we use. I think the word “psychrometric” should be wiped out. If anyone 
can give me a reason for it, I would like to hear it. 


Joun Howarr: It seems that these curves were plotted from tests made on 
subjects stripped to the waist. I, like Mr. Hallett, am engaged in trying to design 
heating and ventilating plants for school buildings. Our subjects are not stripped 
to the waist. I wonder if it wouldn’t be a good thing to have these curves put in 
some shape so we can use them. What is the effect of varying humidity tempera- 
ture on people with ordinary clothing? 


D. KNICKERBACKER Boyp: I feel that the valuable work shown by this re- 
search should be translated not alone for the benefit of the members of this Society, 
of which I am pleased to be one, but into a non-technical discussion for the man in 
the street. It seems to me that the work we have heard about tonight transcends 
the mere value of service to the engineering profession; it enters the realm of service 
to humanity; and I believe that the man in the street, the common everyday man 
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who is going to be benefited by this work, should be allowed to know more about it. 


F.R. Sri: This investigation has just begun to scratch the surface of some of 
the things that we had in mind at the time we started this Research Laboratory. 
The paramount question that stands before us today is, what is it that the human 
system requires that makes for good ventilation, or an equivalent of what you get 
out in the country on a balmy spring day. We are just beginning to find out. 

I was very much pleased in Detroit about a year ago, shortly after this work was 
submitted in Washington, to attend one of the moving picture houses one evening 
and I saw in the educational series they were running at that time pictures of just 
what is going “i down there in that Laboratory. 


E. B. LANGENBERG: There is one thing I have been missing, and that is the con- 
clusions of our research staff on the tests that have been made. They left it for 
us to draw our own conclusions, and I would like, along with others, to have them 
set an average condition which we must meet out in the field in our actual installa- 
tion work, so that we will have a basis to work on. 


J.R.McCotu: These tests were all conducted with horizontal air currents, as I 
understand it. What would be the effect if the currents were from overhead or 
from mushroom systems below? That is one question. The other question is: 
We are assuming that the air velocities over a group of people are uniform for all 
of them. You seldom encounter that in actual practice. Which shall we take? 
Shall we take the average velocity for the whole crowd or take the maximum 
velocity? 


H. W. Brooks: There is considerable interest in this subject. In the past ten 
years it has been my misfortune to live under some of the conditions that were 
tested. I have lived in South America and Cuba, Santiago, Tampico and the City 
of Mexico, representative of a number of conditions which are given in these charts. 
There is one thing I want to point out which was covered bv Mr. Carrier. ‘Fhe 
largest single item usually in industry is the labor item. A difference in the effi- 
ciency of labor of one per cent will more than offset a difference of ten per cent in 
any other department of the work. The biggest single factor in the hands of the 
efficiency or human engineer which has ever been published in all the story of effi- 
ciency engineering as we know it today is in the result of this paper. 


F. C. Houaguren: As Director Anderson said, we gave the question of ter- 
minology a great deal of consideration and considered a number of terms. There 
are several reasons for the words “effective temperature.” We considered “sensible 
temperature” and a number of other terms but physiologists seem to rather direct 
us to the term “effective temperature.” A number of physiologists of the Public 
Health Service have called it the “physiologically effective temperature” in view 
of the fact that it is the condition which produces physiological effects. 

The question of the simplification of the charts came up. We had hoped to put. 
this work in simpler form; it is not yet completed. We have not covered tempera- 
tures where heating results from air motion. Again, we want to do some work at 
lower temperatures. We were limited there by lack of cold weather. After getting 
the rest of the data we hope that we can put the charts in some simpler form. 

The question of dress was brought up. We realize that the data is not in its. 
final form until we have established just what effect dress has. A clothed person 
is not a sensitive instrument in determining coolness, as was brought out in the paper 
for still air read a year ago. We find that a person with few clothes on can deter- 
mine a condition with a much greater sensitivity. For instance, if you are going. 
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to compare conditions in this room with conditions in another room, with few clothes 
you can determine that to an accuracy of a fraction of a degree while with clothes 
the error is greater. 

After doing this working on the subject with little clothing we intend to find the 
variation from our results with the subjects clothed. 

The question was asked, as to whether the same effect would prevail if the wind 
direction were from overhead. We cannot say from direct experiment, although 
I believe it would have the same effect. We tried it from the back, front and 
sides, with no effect; we didn’t think of turning our heads toward the wind. 

Somebody brought the question of conclusions drawn from this data. I think 
the best form of conclusion is given in problems that we have shown solutions for. 
We mentioned a few solutions in the discussions, but there are a number of problems, 
very practical problems, worked out in the paper which I think answer the purpose 
of conclusions better than anything else. 














‘teu abit 








No. 692 


THE PLACE OF ELECTRICITY IN 
THE GENERAL HEATING 
FIELD 


By Lee P. Hyrnes,! Atpany, N. Y. 


MEMBER 


gressive heating engineer. No claim is made that it can replace coal, gas or 

oil fuels for general heating purposes, except under especially favorable 
conditions, but it has a logical place in the heating field and it is rapidly coming into 
its own. 

The object of this paper is to point out the peculiar advantages of electric heat 
and to give the heating engineer practical data for readily determining when and 
how to use it in solving some of the especially perplexing problems which con- 
front him. 

Electricity is the most convenient form of heat, being instantly available through 
the touch of a button, and readily adjustable to the desired amount. It can be 
very accurately controlled by thermostats in large or small units, so that just the 
right amount of heat can be obtained at any desired location. This means efficient 
distribution. 

It is surprisingly flexible in application and can be arranged to give any desired 
effect. For instance, it can be utilized to give direct radiant heat, combined ra- 
diant and convected heat, indirect convected heat with natural or power fan cir- 
culation, or it may be used as a heat source for circulating hot water or for the 
production of steam of any desired pressure. In other words, it is now entirely 
practicable to produce electrically any kind of heat effect that can be secured by 
any other means. 

Electric heating requires no attendance, is clean, healthful, noiseless, and safer 
than other sources of heat. The National Board of Fire Underwriter’s state on 
page 80 of their booklet of April, 1923, as follows: “It is recognized that electrical 
heaters are free from hazards peculiar to the use of fuel or gas heaters with their 
attendant hazards of the storage of fuel, ashes, the use of matches, flues, chim- 
neys and in some cases open flames.” 

Unlike all other methods of heat production the conversion of electrical energy 
into units of heat occurs without loss. In other words, an efficiency in transfer of 


JH) sreeivs bent as a source of heat can no longer be ignored by the pro- 


1 Consulting Engineer. 
Presented at the Annual Meeting of the American Socrgty oF HEATING AND VENTILATING 
Enoinegrs, New York, N. Y., January 1924. 
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100 per cent is secured. Furthermore this efficiency is inherent and is not reduced 
by neglect or unskilled management, as would be the case in the combustion of fuels. 


In comparing efficiencies it is not necessary to consider that of the primary 
transfer of energy from fuel or water power into electric current or that of the 
distribution lines, because this is all included in establishing the rate per kilowatt 
hour at the user’s meter. The user pays a fixed rate for energy used, and he gets 
all the heat paid for. There is no uncertainty about it. None goes up the chim- 
ney, there is no imperfect combustion, no wasted fuel, no overheated basement, 
or loss in distribution mains. 


Furthermore there is less waste through overheating. The remarkable flexi- 
bility of distribution and control makes it possible to provide correct heating, 
electrically, with less total dissipation of heat units than with any other kind of heat. 
There being no vitiation of the air less ventilation 1s necessary than with many 
types of gas and oil -heaters. 

It can readily be conceded that electric heating is the ideal method where the 
cost is not too great. Under many conditions the cost is prohibitive but this is 
not always the case. Therefore it is essential correctly to analyze the question 
of relative costs before making a decision. To do this we must go further than 
simply to compare the thermal value per unit of cost of available fuels and 
electricity. In addition we must consider relative efficiency, interest on invest- 
ment, maintenance, depreciation, and labor of attendance. 


The efficiency of electric heating is 100 per cent while that of the average coal 
heater as usually operated is certainly not over 50 per cent, and that of gas and oil 
heaters 70 to 75 per cent. With fuel heaters the highest efficiency is obtained from 
large well proportioned units operated under favorable load conditions. In elec- 
tric heating, however, the same high efficiency is secured in large or small units 
and under high, medium or small loads, and with either uniform or intermittent 
service. 


In computing investment the chimney, extra roof expense, and a considerable 
part of the cost of the basement construction must be included for fuel plants. 
Maintenance must include all repairs to the entire heatingsystem including chimney, 
fuel bins, coal windows, ash receptacles, as well as the furnace, boiler or radiators. 
Depreciation applies to all the above in varying percentages. The labor of at- 
tendance must include care of fires, removal of ashes, extra cleaning of basement 
and general premises. When all these legitimate factors of heating cost are prop- 
erly considered, the expense for electric heating is frequently very little, if any 
greater, than that of other mediums and sometimes it is actually less. 


There is so much variation in electrical rates in different locations that this is 
the first factor to consider. It is essential that rates similar to those allowed for 
power be secured for electric heating and most progressive power companies are 
now following this policy. Where current can be secured for 2¢ per K.W.-hr. it 
can be used for special applications, but where it can be obtained for 1¢ or less per 
K.W.-hr. it can be quite widely used. This is especially true where the climate is 
relatively mild, and the periods when heat is needed are of short duration or very 
intermittent. Also where good grades of fuel are expensive or hard to obtain. 


In comparing fuel costs, the following data are useful: 
1 K.W.-hr. of electricity = 3415 B.t.u. all effective. 


1 Ib. coal having 13,000 B.t.u. when used in a heating system at 50 per cent 
efficiency = 6500 B.t.u. effective. 
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1 cu. ft. city gas having 550 B.t.u. when used in a heating system at 75 
per cent efficiency = 412 B.t.u. effective. 
1 lb. oil having 18,500 B.t.u. when used in a heating system at 70 per cent 
efficiency = 12,950 B.t.u. effective. 
The above fuels are equal in cost when the cost of I K.W.-hr. of electricity equals 


in cost 0.53 lb. of coal, 6.2 cu. ft. of gas, and 0.26 lb. of oil. Electricity at the rate 
of 1¢ per K.W.-hr. the above fuels would, to be equivalent, have to cost as follows: 


Coal. ...... $37.73 per ton 
re $ 1.61 per 1000 cu. ft. 
—_ $ 0.28 per gal. 


These figures represent the approximate relative costs for fuel only andjdo not 
include the many other factors which enter into the actual heating cost. 





Fic. 1. Typrca, Example or Hot Water HEATING BY 
AN ELEcrrRic BOILER 


Even when electricity cannot be considered for the main heating it can be utilized 
to great advantage for special jobs. Frequently some additional heat is needed 
beyond the capacity of the boilers installed and the cheapest plan is to add electric 
units. Often some local heat is wanted at an awkward place to install piping, or 
heat is desired on short notice without having to start up the fires. 

For remote places electric heaters are admirable. They are immune to freezing 
and are always ready for quick service. If connected with a thermostat they can 
be relied on to prevent freezing in pump houses, valve pits, and storage rooms, 
when a sudden drop in temperature occurs, and thus current is used only when 
actually needed. For temporary drying out of damp rooms or materials, portable 
radiators or hot blast heater units can be quickly installed at reasonable cost. 
Where there would be a fire risk from portable gas or oil heaters near inflammable 
materials, low temperature electric heaters may safely be used. Heaters can read- 
ily be designed to be entirely weather-proof and may even be buried in the ground 
to thaw snow and ice, or be submerged in water. 


For many manufacturing and industrial processes electric heat is invaluable. 
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For japanning, or baking, the cost of current is a small factor when the resulting 
reductions in labor, time, and spoiled work are considered. New applications of 
electric heat to special machines are being constantly devised with great success 
and electric heat in industry is making great progress. Mild heat for candy making 
tables, or the intense heat in metal treating furnaces may be secured at will. 

The heating engineer will readily see many applications where he can utilize 
electric heat to advantage, and the data which follows will aid him in selecting 
proper units for installation. The fact that electricity is to be used does not 
mean that the job belongs to an electrical contractor. It is fundamentally a heat- 
ing job, and no one but an experienced heating engineer can successfully handle it, 
though, of course, the actual wiring must be done by an electrician the same as 
the wiring for a blower motor, or other unit of electrical apparatus with which the 
heating engineer has to deal. 

As in all other heating problems the first thing to do is to compute the maximum 
B.t.u. required per hour, using exactly the same methods as for other forms of heat. 
As heating engineers have ample data for such computations no tables are given 
here. Then as 3415 B.t.u. equal 1 K.W_-hr. of electricity divide the total B.t.u. 
desired per hour by 3415, and the result is the total K.W. heater capacity required. 
As electric heaters are rated in kilowatts per hour, this total K.W. capacity is also 
the total maximum energy used per hour. 


Type of Heater 


After determining the necessary heater capacity the next step is to decide on the 
proper type, size, and location of the heater units. For general room heating there 
are three distinct types of electric heaters, radiant reflection, radiant convection and 
simple convection. Each type has its special uses, and the heating engineer must 
determine which to use in every case. 

Radiant reflection heaters have refractory elements which are heated to a highly 
incandescent temperature. These are mounted in front of polished reflectors 
and practically all of the heat is thrown out in one direction as radiant and re- 
flected heat. Heaters of this type in units of from 2 K.W. to 4 K.W. are ideal 
for installation in fire places or in similar recesses, where the problem is to get 
all the heat out into the room and prevent losses by conduction through the 
walls. 

They are very effective for intermittent use in rooms not normally kept heated. 
Even if the temperature of the air in the room is quite low, the heat from this type 
of heater falling on the body of a person is absorbed and gives a pleasing warmth. 
Radiant heat is not effective for warming air, except as it is first absorbed by some 
solid body. Consequently it is the most efficient method of heating a solid body 
surrounded by cool air. Heaters of this type have rather frail units which may 
require occasional renewal. Portable heaters of this type of 600 watts capacity 
may be attached to lighting sockets but are too small for anything but very limited 
local warming. 

The radiant convection type of heater is somewhat similar but more durable. 
Instead of having an incandescent refractory element this type has a cherry red 
heating coil of nickel chromium wire mounted on a substantial porcelain support 
secured to an insulated back plate. A considerable amount of radiant heat is 
thrown out by the coils and some heat is reflected from the porcelain supports. 
However, the heater also causes a circulation of air currents which carry away 
heat by convection and help effect a general heating of the air in the room. 


This radiant convection type should be chosen for bath rooms and bed rooms 
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where local or quick heating is wanted. They are more comfortable in effect and 
much more durable than the more concentrated radiant reflection heaters pre- 
viously described. They are made in varying sizes from 2 K.W. to 4 K.W. capacity 
and in two general styles. One is for flush or recessed mounting and the other 
for surface wall mounting. 


The simple convection type heaters are the best for all arcund use, being similar 
in effect to steam or hot water radiators. They have substantial low temperature 
elements and should be used for air heating by either simple convection, or by 
forcing air over them by means of a fan. Heaters of this character can be stacked 
in standard units to secure any desired capacity. For ordinary room heating 
units varying from 2 K.W. to 4 K.W. are recommended. 

In planning an installation of electric heaters it is important to know the ap- 
proximate wall space required. For radiant reflection, radiant convection and sim- 
ple convection heaters about 1 sq. ft. wall space per K.W. capacity are needed. 
This is about one-half the space per unit of heat that is required for a two-column 
steam radiator, hence in case of limitation of room space electric heaters have the 
advantage of occupying less space for equal heat than steam radiators, and, of 
course, they have a still greater advantage over hot-water radiators in this respect. 
Heaters for surface wall mounting will usually extend out from the wall about the 
same distance as a two-column steam radiator. 


Another interesting fatt is that an electric heater designed for a desired capacity 
will always deliver it. The output of heat units is not dependent on the rapidity 
of air circulation or the finish of the outer surface. This differs from a steam 
radiator which simply holds back the heat, keeping it as steam until it can condense. 
An electric heater is entirely different in principle, as it must deliver its full heat 
under all conditions. If the outer surface is coated with aluminum paint or some 
other poor radiating material, the surface temperature will simply rise until the 
heat is given off as rapidly as generated. In an electric heater a good radiating 
surface and a good.design of air circulation mean lower radiator temperatures, 
not less heat given out. 


Control Systems 


Thermostatic control should always be used for convection heaters and can be 
arranged in groups of heaters in any desired manner. Rooms opening together 
may be controlled as a unit if desired, but independent rooms should have indepen- 
dent control. In very large rooms the heaters can often be divided among two or 
more thermostats and local temperature maintained as desired, at less total ex- 
penditure of energy, than is possible with one unit of control. 

Even for small installations thermostatic control is available, as no air or other 
separate medium of energy is required. The electric current is the source of power 
for the control as well as for the heat. For small units up to 1 K.W. direct-acting 
thermostats of suitable design may be used, but for larger capacities the thermostat 
should simply control a relay switch. 

Hand control of individual heaters can sometimes be dispensed with, but in large 
rooms it is often advisable to have certain heaters installed with hand control switches 
unless more than one thermostat is used as described above. In any case each 
group of heaters should have a master control switch by which the heat may be 
entirely shut off, or the thermostat put in control or removed from control as de- 
sired. 

Thermostatic control is not needed for radiant reflection and radiant convection 
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heaters, as they should be hand controlled, as desired. Being for localized heating, 
thermostatic control would not be satisfactory. Thermostats are sensitive to air 
temperatures, while these radiant types of heaters are designed to give a cheerful 
sense of warmth to the body rather than to heat the air. 


Flexibility Features 


Frequently an invalid or elderly person requires one or two rooms warmer than 
the general household require. This is especially troublesome in the changeable 
spring and fall seasons, or when the fire gets low or a sudden cold snap occurs. 
Electric heaters are an excellent solution of such problems. By installing ample 
capacity in convection heaters under thermostatic control, no heat will be wasted. 
The regular heating system can function normally, and if a few more degrees of 
heat are needed the electric heaters supply it. This automatic topping off of local 
heating is very effective, as even a few degrees variation mean much for the comfort 
of anyone who is inactive or feeble, and the cost for electricity is relatively small. 

For large storage or work rooms in stores and factories, it is often advisable to 
use One or more unit heaters with power fans. These give excellent distribution 
of heat and are very easily installed. They should be controlled by thermostats 
and should be designed so that in case the fan is stopped the current is cut off 
from the heater coils to prevent overheating them. A blower unit of this kind is 
very compact and requires no attendance. It can be suspended from a wall or 
overhead to save floor space and needs no chimney or fuel storage. 


Hot Water and Steam Systems 


We have seen how well adapted electricity is for warming air and will now con- 
sider its use for producing hot water and steam. For domestic hot-water supply, 
a re-circulation type of electric heating drum and a storage tank is more practical. 
The heater drum should be piped up the same as a gas heater and a good grade of 
insulation should be used to cover the drum, piping and storage tank. At least 
1 in. of the best quality insulation should be used, as otherwise a great loss of heat 
will occur. Thermostatic control should always be used for economy. 

In considering the installation of an electric water heater it is essential to know 
what capacity is needed. This depends not on the size of storage tank but on the 
amount of water drawn in a specified time. Flow heaters are totally inadequate 
except for very small demands. The only feasible plan is to provide ample storage 
in a well-insulated tank. This is at once evident when we check up the heat units 
required for water heating. 

One B.t.u. will raise 1 lb. of water 1 deg. fahr., and as 1 gal. of water weighs 
8'/; lb. it will take 8333 B.t.u. to raise 10 gal. of water 100 deg. fahr. As 3415 
B.t.u. equal 1 K.W.-hr. of electric energy it will require about 2.5 K.W. heater ca- 
pacity to heat 10 gal. of water 100 deg. in one hour, or 15 K.W. to heat it in 10 
minutes. Thus the proper plan is to install as small a heater capacity as possible 
consistent with the required rate of heating water. 

Sometimes it is desirable to connect an auxilliary electric water-heating drum 
into a hot-water heating system for use in the spring and fall, or as a booster in very 
cold weather. A few radiators can be connected to this drum and transferred to 
the main boiler when desired, or the drum may be in series with the boiler. When 
not used it offers no obstruction to the normal circulation. 

We now come to a consideration of larger installations of electric boilers for hot- 
water or steam heating, or for power purposes. A large number of very successful 
electric boilers are in service in this country, Canada, and abroad. One power 
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plant has two 2500 h.p. boilers in service, and other units of 2000, 1800, 1600, and 
1200, down to 30 h.p. are in successful operation at other points. 

The design of an electric boiler is very simple. No tubes are used. The shell is 
a vertical steel cylinder with electrodes inserted through the upper head so as to 
extend downward into the water. Alternating current is used and passes through 
the water which forms a resistance and is heated by the energy dissipated thereby. 
The heat is not conducted to the water from hotter surfaces as in fuel boilers but is 
actually produced within the water itself. Consequently no temperature higher 
than that of the water can occur in any part of the boiler. 

This is a very unique condition and means greatly increased life for boiler and an 
entire absence of scaling. Any sludge is in a soft condition and can easily be blown 
off. The boiler shell is not part of the electrical circuit, so that no electrolytic 
action affects it. Such action is confined entirely to the electrodes which are easily 
renewed. This is usually necessary only about once a year. The boiler and piping 
are neutral and grounded so there is no possible risk of electric shock even at the 
highest voltages. Boilers are in use in regular service on 22,000 volts, though any 
commercial voltage may be used. 


A typical example of hot-water heating by an electric boiler is found in the Ford 
Motor Co.’s plant at Green Island, N. Y. This building is 1140 ft. long, 120 ft. 
wide, one story with a high central bay. The construction is of concrete and 
steel with over 60 per cent glass. It stands in an exposed position overlooking 
the Hudson River which supplies hydro-electric energy for power and heat. 

An electric boiler of 3200 K.W. capacity at 4600 volts, 3-phase, 60 cycle, is 
used, and hot water is circulated by motor-driven centrifugal pumps at a rate of 
1500 gal. per minute. The boiler occupies very little floor space and is located in 
the building itself among the other machinery, so that no boiler covering is needed, 
and there is no heat lost. The thermal efficiency is nearly 100 per cent. 

To illustrate the small size and simplicity of an electric boiler in proportion to its 
rating it is only necessary to state that a unit of 320 B.h.p. is only 12 ft. high and 6 
ft. in diameter and consists of a steel shell with from one to three electrodes inserted 
in the upper head and baffles to direct the water circulation. Nostack, fuel storage, 
ash removal, or separate boiler room are required, and labor is reduced to almost 
nothing. No dust, fumes, or noise are made, and the efficiency is always nearly 
100 per cent on all loads both for constant and intermittent service. 


Electric boilers cannot compete in operating costs with fuel types except where 
very cheap hydro-electric power is available, or where off-peak power can be util- 
ized with practically no extra cost. The investment and labor charge on an electric 
boiler are so small that it frequently pays to utilize surplus current in “off-peak” 
periods. Such a boiler may be floated automatically on the line to even up the 
load factor. For example, a mill may have unused power at night or whenever 
shut down which can be utilized for heating, or for steam production at a saving 
sufficient to pay in a few months for the installation of an auxiliary electric boiler 
equipment. 

An electric steam boiler has a thermal efficiency of over 98 per cent. One K.W.- 
hr. of electric energy will make 3 Ib. of steam. Assuming that 1 Ib. of coal will 
make 6 lb. of steam every 1000 K.W.-hr. available current is equivalent to 500 Ib. 
of coal per hour. Furthermore the labor of handling is saved. Thus it will be 
seen that under favorable conditions an auxiliary electric boiler is often very 
economical. 

Whenever any water is flowing unused over a power dam an equivalent amount 
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of fuel energy is being lost, providing there is any possible use for steam or hot water 
within reach of the connecting power lines. Mills requiring lots of steam and hot 
water can often effect great economies by using all surplus water power to save coal 
and labor. 

In view of the adaptability of electricity to every form of heat application and 
the constantly growing demand for a full use of the great potential water-power 
resources of this country, heating engineers must give increasing consideration to 
electric heating. It has only been possible in this paper to touch briefly the more 
important points and to give a few useful figures, but the subject is one which 
engineers will find worthy of careful study. 


ConDENSED TABLE oF Userut Extectric Heatine Data 


1-K.W.-hr. equals 3415 B.t.u. 
1-K.W.-hr. will produce 3 lb. of steam 
10-K.W.-hrs. equals one B.h.p. (standard boiler rating) 
1-K.W.-hr. will heat 4 gal. of water 100 deg. fahr. in 1 hr. 
(in thoroughly insulated tank). 


DISCUSSION 


A. M. Fetpman: The statement that the “efficiency of electric heating is 100 per 
cent while that of the average coal heating is not over 50 per cent’’ is misleading 
because it is necessary first to burn coal to generate steam, then by mechanical 
means to transform it into electricity. 


Stewart A. Je.tuetr: Most heating engineers have used electric heating to a 
very limited extent. The whole trouble so far with electric heating has been the 
excessive cost. If the cost of current can be brought down to a reasonable figure, 
then there is a big field for electric heating. In the Western countries, where water 
power is available, this is possible. In Seattle they are using electric heating. 
During the war electrical transmission was designed for a Canadian shell plant 
just outside of Toronto. In this instance 750 kilowatts were used in every blast 
furnace, and there were 16 furnaces. 


My experience is that where hydro-electric plants are in service, if they must be 
supplemented with a steam plant, because of ice conditions, electricity is far from 
economical even compared with high priced coal. 


Lee P. Hynes: The points made by Mr. Jellett are well taken. It is necessary 
to analyze all conditions thoroughly and get the right installation just the same 
as in any other type of heating. 
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PROBLEMS IN VENTILATION OF 
DEPARTMENT STORES 


By A. M. Frevpman,! New York, N. Y. 


MEMBER 


which is to house a department store when he considers the system which 

is to govern the ventilation of the main floor and the basement. On these 
two floors, to a very great extent, are held the special sales which are so frequently 
conducted with the object of attracting as great a number of customers as’ possible. 
As a rule this means crowded aisles, a mass of people in a comparatively limited 
area. 

The basement is generally windowless. Hence for its proper ventilation a supply 
of fresh air and exhaust system should be provided in evenly balanced quantities. 
On the ground floor one has an additional vital factor to consider, the inrush of 
cold air through the entrance doors during the cold season which causes the most 
unpleasant draughts. These are a most annoying causes of discomfort, especially 
to the sales force. On account of the draughts occasionally glass shields are placed 
in front of the show cases which are situated near the entrances. This does not, 
however, afford the clerks a sufficient protection. An investigation would easily 
prove that the sales people who work near the doors are all too frequently ill with 
colds or other respiratory diseases. 


Entrances from without are usually provided with vestibules, and while these 
are heated, there is always a rush of cold air inéo the store resulting from the simul- 
taneous opening of the outer and inner doors. 


A practice developed by the writer of designing the ventilating system for the 
ground floor of a large department store so as not only to provide an ample supply 
of fresh air large enough for an unlimited number of customers and sales force, but 
also to eliminate all danger of the draughts above referred to. Highly desirable 
results have been satisfactorily accomplished even without the use of outer vestibule 
doors. The absence of these has added materially to the space surrounding the 
show windows, in consequence of which the prospective customers find added at- 
traction in responding to the window-dresser’s art.- 

This ventilating system is so designed that the fresh air supply is greater than 
the exhaust. More air is being delivered throughout the first fioor than is taken 

1 Consulting Engineer. 


Presented at the Annual Meeting of the Ammrican Socrety oF H&aTING AND VENTILATING 
Enoingesrs, New York, N. Y., January, 1924. 


A N important problem to an engineer arises in the construction of a building 
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out by the exhaust fan. The excess of air has to escape through the elevator shafts 
and entrance doors. Therefore, when the entrance doors are opened, the warm air 
from the store escapes thus practically giving a warm greeting to the prospective 
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customers. No draughts of cold air are rushing in on the sales force who are thereby 
in a better physical condition to give full attention to the customers. 

In addition to this, the design includes the blowing in of re-heated air through 
registers in the ends of the counters at the doors, and also under the show windows 
just outside of the entrance doors. Notwithstanding the absence of outside doors 
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in the spaces between the show windows the atmosphere around the entrances is 
kept comfortably warm and pleasant, thus again inviting the street crowds to 
linger at the show windows, and adding to a still greater probability of their entering 
the store to buy the goods displayed. 

This plan of ventilation has been successfully carried out by the writer in the 
Lindner Department Store in Cleveland, O., and lately in the L. M. Blumstein 
Department Store on 125th Street between 7th and 8th Aves., New York City, 
both types of the highest development of such buildings. 

The problem of the distribution of air in a store is a difficult one on account of 
the large open floor area. The plan used by the writer in the Blumstein Depart- 
ment Store will be described. 

Fresh air is taken from out-of-doors and warmed by passing over vento stacks 
and is discharged through a brick tunnel under the basement floor, then through 
the vertical galvanized iron risers, horizontal trunk lines and branches it is dis- 
tributed under the furred basement ceiling. Space has been provided between the 
tempering and heating stacks for the future instaliation of an air washer which has 
been temporarily eliminated from the original plan. 

Registers are evenly distributed over the entire ceiling and side walls for delivery 
of air to the basement, and branches are taken to the first floor through vertical 
ducts around the walls, behind the cases, discharging about 6 ft. 9 in. above floor 
and through registered panels in front of the show case bases throughout the center 
part of this floor. 

The net cubical content of the basement is 253,000 cu. ft. and that of the first 
floor, 311,565 cu. ft. This is the space occupied by the fixtures and goods, as well 
as by the people taken into consideration. The fresh air fan is of a capacity to 
deliver a maximum of 100,000 cu. ft. of air per min., requiring a 50 h.p. electric 
motor to drive it. The supply of fresh air is equivalent to a complete change every 
4 to 5 min. 

During the winter months it was found that sufficient air is delivered without 
causing any draughts by running the fan 70 per cent of its maximum speed. 

The out-door air is heated in winter about 74 deg. fahr. and delivered through 
the registers at about 68 deg. fahr., which was found satisfactory for maintaining 
the temperature in the store uniformly all day around 70 deg. The temperature 
is controlled automatically by means of thermostatic control. In the summer the 
fan is kept running at full speed. 

The exhaust air duct work is distributed entirely through underground tunnels 
and branches under the basement floor and brought up through the floor in gal- 
vanized iron duct casings that are incorporated in the counters, the tops of which 
are utilized for the display of goods. 

The exhaust ducts for the first floor are carried up along the building columns 


and are incorporated in the fire-proof protection of the columns. The registers 
are located in the cases near the floor. 


A brick shaft built around the steel boiler stack is of such a size that the space 
is utilized for the exhaust air by connecting it to the tunnel. The exhaust fan is 
placed in the roof pent house, and the foul air is thus discharged above the roof of 
the building. The heat of the stack adds a great deal to the motive power of the 
exhausting effect over and above what the exhaust fan is designed to do. 


Messrs. Robert D. Kohn and Charles Butler, New York, were the architects of 
the building. 
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Fic. 2. BASEMENT PLAN SHOWING DETAILS OF HEATING ANDE VEN’ 
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DISCUSSION 


Srewart A. Jevietr: Most department stores have open shafts passing up 
through the building and with the rush of air from the basement supply fans and 
the aspirating effect of the open light shaft, also with ventilators under control 
at the roof, so that they can be shut off when the building is not in general use, 
there is little difficulty in getting a sufficient amount of air out of the store. The 
aspirating effect from the heated store is very great. A revolving storm door is a 
poor thing for a department store although some stores still use them in addition 
to the swinging doors. The pressure of the incoming air supply plus the aspirating 
effect of the open light wells and shafts in most department stores will take off 
the air without running any exhaust fan. 


A. M. FetpMan: Mechanical exhaust is provided only for the center part of the 
first floor. The aspirating effect of the elevator shafts is depended upon for ad- 
ditional exhausting. 


W. H. Carrier: The use of fans, though it seems rather wasteful, is in practice 
warranted by the advantages. The difficulty with the shaft method of ventilation 
is that in warmer weather the induction effect is lowest, and as the weather gets 
cold the reverse effect results, so that the greatest induction effect often over- 
balances the supply at just the time when an excess supply is needed. It seems 
rather wasteful to use a fan for what might be termed a capacity meter, but that 
is about the effect that it has in controlling the exhaust. The fan necessarily has 
limited operation and induced circulation does not have any large effect when the 
fan is not running, which is relatively small. Therefore, the air quantity is some- 
what in proportion to the speed of the fan and the amount of air that is being 
exhausted can be controlled at all times, and the exhaust and cleaning effect can 
be set just where it is wanted. A fan speed is easily understood and operated 
so that control is managed in a very desirable, mechanical way. 
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THE STATUS OF DOMESTIC OIL HEATING 


By A. H. Batiarp, New York, N. Y. 


NON-MEMBER 


lb. VIEW of the widespread interest regarding the use of fuel oil for heating 
I houses and the many different minds that are at work on the equipment to 
be used for this purpose it is timely that this subject be thoroughly discussed 

so that we may know what the future holds in this field. 


The greater majority of domestic burners are designed to use what is known as 
“Furnace Oil,” a grade of oil having a gravity higher than 32 degrees Baumé and 
lower than that of kerosene. A burner of this description should be condemned 
because it is dependent upon a grade of oil that for the past ten years has shown a 
wide fluctuation in price, and, according to the opinion of reliable refiners, will 
show an equally great fluctuation in the future. Oil of this grade contains many 
elements which may be refined into higher grade products which are worth more 
money than this oil would bring if sold for fuel. The best type of burner is the one 
that can successfully burn the heavier grades of fuel oil both because the B.t.u. 
content per gallon will be higher and the cost of the heavier oil is considerably 
lower. 

As to the supply of fuel oil it is axiomatic that so long as the world demands gaso- 
line there must always be fuel oil. In the “Furnace Oil,” of which we have spoken, 
there is enough gasoline to make it profitable to refine it for the gasoline it contains 
whenever the gasoline market rises to a sufficiently high point. On the other hand 
the price of fuel oil must remain relatively stable inasmuch as it has no higher po- 
tential value. There is no other field for its use that could command a higher price. 


Therefore it is logical that the ideal oil for domestic use is one that runs from 
20 deg. Baumé to 32 deg. Baumé gravity. There is a plentiful supply of this oil 
and a most important feature is the fact that it flows freely at zero and conse- 
quently does not require preheating, a requirement which precludes the use of a 
heavier oil than that we have mentioned. 

Having determined the grade of oil best suited to domestic purposes the next 
consideration is the type of burner to be installed that will be productive of the 
best results. Because we have decided upon a light fuel oil, experience has shown 
that to achieve anything like perfect combustion this oil should be atomized, 7. e., 
disintegrated into minute atoms, instead of being vaporized, which, as the term 
would suggest, means the conversion of the oil through heating to an oil gas or vapor. 


Presented at the Annual Meeting of AMERICAN SocriETy OF HEATING AND VENTILATING ENGI- 
NEERS, New York, N. Y., January 1924. 
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This latter treatment is not productive of the best results. The science of burning 
fuel oil successfully comprises the complete atomization of the oil plus the intro- 
duction of air in such a manner that each oil atom is completely surrounded with air 
that will insure its entire combustion. The equipment used to achieve this atomiza- 
tion should be of simple design and thoroughly dependable construction. 

A most important factor to be considered in installing a domestic oil burning 
system is the fuel oil storage tank. This tank should be of a size that will contain 
at least three weeks fuel supply. The time may come when door to door deliveries 
of oil in five gallon lots will be made but these small scattered deliveries mean so 
much in the way of added costs that it would be most uneconomical to the buyer. 

It must be remembered that the entire question of oil burning is one where serv- 
ice is paramount to everything else for, finally analyzed, the distributor is not only 
selling an oil burner or oil burning equipment, but he is selling a fire and to commer- 
cialize this, he must sell this fire to women and children. The distributor must 
always have trained forces on hand to render service before he may sell installa- 
tions, so that in case of trouble, trained hands must be available to make the 
necessary adjustments or replacements. 

With the domestic house-heating equipment, the automatic features are abso- 
lutely necessary to the equipment. A properly installed system must have max- 
imum controls, whereby in a hot-water system the temperature of the water shall 
not rise above a predetermined temperature, and in a steam-heating system, the 
pressure in the boiler shall not rise above a certain limit; if these limits exceeded, 
the fire must go out. In connection with this, there should be room-temperature 
control, which is adjusted so that when the temperature of the room rises to a cer- 
tain figure, the fire goes out. 

Oftentimes, due to cheaply-installed heating systems where improper devices 
are used for releasing the air from the radiators, some part of the system becomes 
sluggish or slow, with the result that while the temperature might register 70 deg. 
in the living room, other radiators might be cold; the operator of the system ob- 
serving this condition is naturally, led to decide that the fire should be burning 
when the automatic control has shut it off, and in most cases the system will then 
be tampered with to find out why the fire does not burn. The result is generally, 
that the system is put out of commission and service is necessary. 

As previously mentioned the science of oil burning involves complete oil atomiza- 
tion and air introduction. It can be readily understood that there is no great 
mystery to oil burning, or at least nothing that is not well understood. The only 
qualification, therefore, that goes to make up an ideal domestic system is simplic- 
ity, factors of safety, and proper installation with proper service available. 

There is a great deal said about the price of domestic equipments, and a great 
many people are making mistakes by putting in small storage tanks. This is prac- 
tically the only item that can be cut down on that would not affect the working of 
the system, and, consequently, due to sales resistance the manufacturers are seliing 
equipment making little or no recommendation for the proper size of storage. 

To sum up recommendations for the consideration of an engineer for the benefit 
of those interested would be the following: 

1. Thesystem should burn oil of not lighter than 32 deg. Baumé fuel oil. 

2. The burner should be of the atomizing type. 

3. There should be no part of the equipment located inside of the boiler, 
so that in case of emergency, such as stoppage of the electricity, a temporary 
wood fire may be started to meet the emergency. 
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4. All dampers should be of .. size so they cannot close more than 80 per 
cent of the area of the smoke pipe. 


5. All equipment installed with an oil-burning system should be of the very 
best materials and workmanship, securely fastened, all parts in a convenient 
place, and so constructed that it can be kept clean and frequent supervision 
made thereof. 

6. The question of noise, both mechanical and combustion, should be taken 
into consideration in any type of an oil burner, because the system may be 
very quiet in one place, and in another the effect may be offset, and the vibra- 
tion may be heard throughout the house. 


The matter of noise is a problem that all manufacturers have confronting them 
every day and they can overcome it when they reduce it to practice in each indi- 
vidual instance and put an expert on the job to analyze conditions and adjust the 
system. 

In conclusion, when a comparison of value is asked for between oil as a fuel and 
coal, virtually it requires 156 gal. of oil to equal 1 ton of coal, when a given percentage 
of efficiency is used in both cases and where a fair standard of B.t.u.’s in both coal 
and oil are taken. However, in ninety-nine cases out of a hundred, the comparison 
shows much more in favor of oil due to the fact that the furnaces for coal burning 
are so varied that it is astonishing how crudely coal is burned in the majority of 
cases. 

Statements have been made by manufacturers that 100 gal. of oil equal 1 ton of 
coal. This is not true in the case of heat values. However it is a fair assumption 
to say that 135 gal. of oil will equal 1 ton of coal when reduced to practice in each 
domestic unit properly installed. 

The questions of virtue of oil in the way of saving labor, ash removal, and dirt 
as shown by salesmen, are points well taken. The consumer properly equipped 
with an oil-burning system would suffer in the way of heating costs a great deal be- 
fore he would change back from oil to coal. 

Oil burning as applied to residences has not even started as yet and the future 
will show a rapid growth for the manufacturer who reduces to practice a quiet, 
effective atomizing system and renders service thereafter. 


DISCUSSION 


J. M.Sewetu: I would like to ask Mr. Ballard if he has had any experience in 
heating a residence and a garage in conjunction with the residence where they 
formerly had coal and either hot water or steam, the garage being heated to around 
40 deg. and then putting in an oil burner of the type that positively shuts off when 
the predetermined temperature has been raised in the house. 


A. H. Batitarp: Wherever there is an automatic system installed in a residence 
and: garage depending entirely upon atuomatic control, it is perfectly obvious that 
if you are controlling a temperature for the house, it is necessary to have an 
individual unit for the garage. The same storage tank can be used but there must 
be two separate heating units. The garage can be very much colder than the 
residence. 


I have equipped large estates having a greenhouse and a residence and ser- 
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vants’ quarters and different problems of that kind. I put in one storage tank and 
put in separate units which are very expensive and erect each one individually. 
If I want this room 60 deg. and want. the house 72, they both will remain right there 
and they will never change. I can take a little piece of ice and go right up to the 
regulating thermometer and just as soon as I touch the ice to that the fire goes out 
and if I take the ice off again it will start up. Your curve line is as straight as you 
can shoot a rifle. 


The following case is typical. A man in Boston had installed an oil-burning 
system in his residence and we told him for economy to set his regulator at 70 deg. 
during the day and 50 deg. at night. He followed this plan for a week and then left 
it at 70. Someone that we had referred to him asked him how much fuel he used 
and he said, ‘I don’t know, and I don’t care; it’s the only time I have lived. My 
house is just as if I were living in Florida. I ask no questions of anyone. I go 
into my bedroom, open my windows, go to bed, get up in the morning, the tem- 
perature is 10 or 12 deg. in the bedroom. I walk into the bathroom and it is 72 
deg.” Those things are all predetermined. You can have any temperature pro- 
viding you are not interlocked. 


M. W. Euruicu: I believe the author has talked only on the power driven 
units, as of course most of us know that gravity fuel oil burning is out of the ques- 
tion as an engineering proposition. Mr. Ballard mentioned some quite high effi- 
ciencies with oil and I raise the question whether those efficiencies are obtainable 
by merely installing oil burning equipment in existing domestic coal burning heaters. 


It was stated that in at least 50 per cent of the cases, with which Mr. Ballard has 
come in contact, the steam circulation is poor and I would agree with him on that 
score, but I take issue with him, however, on the point that he is under the impres- 
sion that those are among the jobs designed by heating engineers. They were 
jobs merely put in by steam fitters. 


Mr. Bauuarp: I said I was glad to talk to a gathering of this sort for the 
reason that the majority of the heating systems that are put in are not designed by 
heating engineers. I mean you will go out and find steam fitters putting in jobs 
without the least recommendation and their only experience is as a steam fitter. 


When I say fifty per cent of those, what I meant by that was that they are 
not fifty per cent all crudely wrong, but that there are some corrections to 


be made. 


Years ago heating engineering was my business, and I am in sympathy with 
you for I know what you are trying to get at and that your intentions are of the 
very best, but I say this: You don’t control the entire industry and if more people 
listened to you the whole scheme of things would be a whole lot better off. We 
find undersized boilers in a great many cases which are not planned by heating 
engineers, and undersized pipe sizes are not installed by good heating engineers. I 
can show you a number of radiators in living rooms today where the cold air to 
supplant the hot air has got to travel clear across the room. I am not criticizing 
this body only I want more cooperation so that when we get to the point that you 
are up to strictly oil heating, you will have beautifully working systems. 


M. W. Enruicu: I am glad we understand each other on that point. There is 
just one other factor that I would like to bring out from my own experience as well 
as many others with whom I have talked on general heating practice. I believe 
a good many of us know that temperature regulation alone, particularly by a ther- 
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mostat in one room, does not answer the problem of regulation, because there must 
be pressure control with it to get a certain regulation. If that is true in a coal 
fire, it would be more true in an oil fire, which is intense while it is going. 


H. M. Harr: Couldn’t we save time by following our usual custom—of getting 
all these questions at once rather than spend so much time on the discussion of each 
question? I believe that we are devoting too much time to this one paper. While 
it is interesting, I think there are a lot of questions we would like to ask, yet on 
account of the time that is being consumed I am afraid I am not going to get a 
chance. 


H. W. Brooxs: The Bureau of Mines is possibly in position to confirm Mr. 
Ballard’s statement that the era of domestic oil burning is here. We are advised 
by the information section of the Bureau that there are more inquiries being re- 
ceived on domestic oil burning at the present time than any other single branch of 
fuel burning practice. We are not unmindful of the public service which might be 
rendered in an investigation of domestic oil burners. 


It is a public service for which there is an insistent demand and the Bureau is 
intensely interested in the subject. 


Oil burning today lends itself to close regulation in a way commensurable with 
no other form of fuel burning practice with the exception of gas. The possible 
close control of CO: and the close control of excess air make this system almost 
unique in fuel burning practice at least as compared with coal. 


J. M. Sewe.u: In regard to my question about a separate unit for a garage, 
heated in conjunction with a residence needing 40 to 60 ft. of radiation, what I 
want to learn particularly from Mr. Ballard is whether he would recommend a 
separate oil burner or a very small boiler, oil burning, costing around $350 or a 
separate coal heater for that particular garage. 


Mr. WescHuER: It has been reported that oil burning causes heavy, cast iron 
sectional boilers to crack. I should like to know if Mr. Ballard had any experience 
along this line. 


Homer Appams: Are these oil burners easily adaptable to all forms of furnaces 
or boilers as at present designed and constructed? 


H. C. Etcuer: Pennsylvania has 14 normal schools which carry large heating 
plants. There is a continuous load on these plants and the Department of Public 
Instruction has been making an investigation for several years as to the best way to 
maintain that continuous load. Can Mr. Ballard give some assistance, some sug- 
gestions or recommendations which by installing oil burners the State of Pennsyl- 
vania can realize any considerable saving, and in those 14 large plants would it 
be justifiable to replace the present coal installations? 


‘E. B. LANGENBERG: Several questions occurred to me. Is the automatic valve 
for shutting off the oil reliable? Is the ignition system dependable? Is there any 
flexibility in the burner? Can it be run low or high? Can the correct (analysis) 
oil be secured at all time for any particular burner? What effect is it having on 
either cast or steel furnaces? 


The statement has been made that the intense heat—2000 deg.—either melts the 
cement at joints or powders it and blows it out. What effect is the sudden high 
temperature having? Do the needle valves clog with carbon? Are they easily 
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accessible for cleaning? Will oil burners be successful in apparatus now in use and 
as now designed? 


I would suggest this organization pass a resolution and present it to Mr. Ballard 
to be presented to the American Oil Burning Association that they form their own 
organization as an industry itself and establish their own research bureau. We 
have come to the conclusion in our own advisory committee that apparatus to use 
oil, gas and other fuels, must be designed for that particular fuel. They can be 
adapted, to the present apparatus, but it is a difficult proposition. 


H. M. Hart: Mr. Ballard spoke of the proper mixture of air and oil. Is there 
any way a layman can determine when he is getting the proper mixture of air and 
oil? 

Another thing that is important, I think, that he offered in the way of advice 
to heating engineers or contractors, recommending the installation of oil burners, is 
the fact that an oil burner is noisy in its operation and a great many of them are 
removed because they have been installed in boiler rooms that are not suitable for 
an oil installation on account of the location and the means for conveying the noise 
through the house. I think it is quite important in designing a house now to think 
of the location of the boiler room so as to locate it in as isolated a place as possible 
and have it insulated for sound so that there will not be that objection in the in- 
stallation of oil burners. 


H.B.Hepges: I would like to ask whether there has been any satisfactory type 
developed for automatic operation in the isolatéd communities where they don’t 
have gas to operate the pilot valve, which, I believe, is usually required. 


F. C. Bartitey: I might ask Mr. Ballard what efficiencies can be gained by 
utilizing the heat from the flue products for preheating the air for atomization of the 
oil. 


J. F. McIntire: I would like to ask Mr. Ballard if in the application of an oil 
burner to a coal-fired boiler he would recommend a smaller size of boiler than would 
be selected for the same job where solid fuel was going to be used for burning. 


Ina Wootston: I would like to hear something about the fire hazard in con- 
nection with present domestic systems. 


A. H. Bauiarp: Regarding the fire hazard, that is taken care of in this way: 
If a system is approved by the Board of Underwriters and approved by the district 
chief having jurisdiction, that is, it complies with the regulations, the insurance 
rates do not increase and the fire hazard is practically nil. 


Regarding the size of boilers, naturally that is the problem presented with coal, 
but it also applies to oil. Greater efficiencies can be obtained at 125 to 150 per cent 
of rating for boiler, if that answers the question. In other words, you get less 
radiation loss overfiring the boiler than you do underfiring. 


Preheated air is very advantageous provided it isn’t overdone. Naturally your 
capacity for air has got to be larger when heated and your cubical content is less 
when heated than cold. We always heat air where it is practical. 


We have two ways of doing away with noisy fires. That is the greatest problem 
we have today. In any oil system that is installed in the basement of a house 
where we have our pipes and our pumping we use no gravity flow whatsoever. I 
condemn that method. In pumping the oil you get a vibration which is telephonic 
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providing you touch another piece of pipe or anything that will carry sound. It 
has been my pride that in residences without a plastered ceiling I can put in a sys- 
tem and the noise will not be objectionable. In each case it has to be individually 
engineered for that purpose to keep away the noise. Combustion noise is not 
objectionable. If you get excess air you get a very fast fire which gives you a roar, 
and it is noisy and creates a vibration from your boiler which telephones right 
into your radiators. That is in vaporization systems and not in atomization sys- 
tems. Noise, however, can absolutely be avoided. 


Proper mixture of air and oil is a scientific question and no layman can tell 
that unless you analyze stack gases. If you put on a CO, outfit, set the dampers 
for general conditions. We have a maximum fire with no air admission except 
what is admitted through our system. If your atmospheric conditions vary your 
efficiency increases or decreases according to your atmospheric conditions. 


Regarding the effect of oil on boilers. Localization of heat is the only thing that 
will cause trouble inside of a boiler. In a great many cases an inexperienced hand 
will introduce his air in the wrong place or take in air. Oil will not accept air after 
a certain temperature and that air will travel and form a regular pocket around 
your fire. I have seen inefficient fires where the air will come around and cool a 
section and crack it. I want to say this, however, that a properly installed oil fire 
is not as injurious to any type of a boiler, for you have no stoking. 


Bricking of boilers is a problem. Different bricks have different fusing points. 
Different clays have different expansions. In my work all clay has been eliminated 
and we use nothing but a bath, something that has the effect of glueing the surface. 
We use high temperature cement only for repairs. In a low pressure job I have 
bricks that have been in as long as eight years. In others I have had to rebrick 
in six months. That is a question we can’t tell anything about, but we do the job 
and don’t say anything about it. 


The reliability of the control depends upon a piece of mechanism made by man 
which is not infallible. The only thing we do in case the control fails and liquid 
oil should go into the boiler, it immediately shuts off the oil supply so that the 
hazard is taken care of. 


The advisability of replacing coal with oil depends entirely upon three factors. 
First, the amount of coal you are burning: Second, the cost of eval; Third, your 
requirements. Ina great many cases we find that they would have to increase the 
size of their boiler plant if we don’t put in oil. By burning oil we take a percentage 
of rating greater than they can take off with coal and it saves them buying new 
boilers. In recommending oil burning we first analyze the man’s particular con- 
dition, advising him how much money he can save. 

I have been asked about types of boilers but I can’t mention them except to say 
that for the State of California I made a test of all the cast iron sectional boilers 
made and lined them all up and evaporated into atmosphere. The results varied 
20 per cent. 

Hot-air furnaces are things I have condemned after using many in California 
some years ago. 

On the question of garages, if the garage is connected up to the same furnace as 
the residence, it is just as well to leave it on the system, because when the house 
requires heat so also will the garage and then it is a question of manual control 
and the amount of radiation is so small there that it won’t be worth considering. 
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One thing about oil, we don’t like jobs that are too small. You can’t apply a 
hot fire to any unprotected parts, without it being fire brick, and if you have a very 
small furnace and you have to brick it up, you have no space left for the combustion 
chamber, consequently you can’t burn oil very well. 


Regarding the efficiencies that you are asking about here on domestic installa- 
tions, I made about ten tests and The Standard Oil Co. made the same tests. 
Their man got 14.6 lb. of water on ten straight installations. 


Regarding the public service, it is absolutely ridiculous to sell a person an oil 
fire where it is sold in a residence and the man goes off to work and has children 
running around unless you can give the customer service. You have four controls 
on one of these jobs and a maid or a woman can go through with a duster and knock 
back the temperature and the fire won’t come up. They think there is something 
the matter with it and throw the whole thing out of kilter. If you don’t give 
them public service you have given them nothing. I don’t accept an installation 
outside of twelve-mile radius in a city where we have a branch, unless it is some 
very large’case’or something very unusual. 

















WIAA 


No. 695 
THE SEMI-ANNUAL MEETING, 1924 


Society or HEATING AND VENTILATING ENGINEERS convened at Kansas 
City, the “Heart of America,” for the 1923 semi-annual Meeting, held 
at the Hotel Muelilebach, June 10 to 12. 

Five business and professional sessions were held during the three days, the 
salient feature of which was the presentation and discussion of the Code of Minimum 
Requirements for the Heating and Ventilation of Buildings. The Meeting 
convened at 10 o’clock, Tuesday morning, June 10, with Pres. Homer Addams, 
New York City, presiding. Walter E. Gillham, President of the Kansas City 
Chapter greeted the Society and John S. Cannon, City Councilor of Kansas City, 
representing the mayor, officially welcomed the visiting members of the Society 
to Kansas City. 

After a short resume of the progress of the Society during the past six months, 
President Addams called for reports of Committees. The session was then given 
to reading and discussion of papers. 

At the suggestion of E. S. Hallett, St. Louis, the following resolution offered by 
W. H. Driscoll, chairman of the Committee on Research was adopted by an unani- 
mous standing vote: 


(5 tear: of from all parts of the country, members of the AMERICAN 


WuerEas: The investigations being conducted at the Research Laboratory of the 
AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS in connection with the 
problems of the comfort and health of human beings have been productive of such 
favorable results, and 

WHEREAS: The results of these tests represent a distinct contribution to science 
and will prove of the utmost value to the present and future generations, and 

WHEREAS: These investigations were only made possible by reasons of the gener- 
ous and sympathetic cooperation and assistance of the executives of the U. S. Public 
Health Service and the U. S. Bureau of Mines, and through the energetic efforts and 
self-sacrificing spirit of the scientists engaged in these investigations be it therefore 

Resolved: That this Society, in session at its Semi-Annual Meeting in Kansas 
City, Mo., show its deep appreciation of the great work accomplished by extending a 
rising vote of thanks to the following: 


Dr. R. R. Sayers 
Mr. O. P. Hood 

Dr. W. J. McConnell 
Mr. F. C. Houghten 
Mr. O. W. Armspach 
Mr. C. P. Yagloglou 


and be it further 
Resolved: That a copy of this resolution be spread on the minutes of this meeting, 
and that copies be furnished to tlie press. 
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The Research Session was conducted by W. H. Driscoll, who gave the following 
report of the work of the Research Committee: 


Address of. W. H. Driscoll 


I haven’t come here with a glittering array of facts and figures to confound you, 
but I am here to talk to you on a subject that is very close to my heart. This is a family 
affair. We have our family problems, and at times when the rent is due, or the interest 
is due on the mortgage, or the income is due, I have to sit down with my wife to discuss 
the condition of our finances, and to consider ways and means of meeting the situation 
that confronts us, and we have to find a way of somehow living through the period of 
depreciation that is before us. So we are going to assume the same position here today. 
I am the husband, and you are the wife. We are going to sit down and talk about it. 
We are going to find out how we are going to get through. We are not going to be di- 
vorced or sell the old homestead. We are going to live through the situation as we have 
lived through such conditions in the past. 


I was very much encouraged in reading an article in a Chicago newspaper the other 
day, which said that it was a matter of record that all the great movements such as fra- 
ternal organizations, charitable organizations, and movements of that sort were during 
the first five years of their lives on the uproad for a part of the time, but at the end 
of the fifth year they reached the very depths and then came back here. That gave mea 
great deal of courage when I realized that we were at the end of a five-year period in con- 
nection with the Research work, and that the conditions that confronted us were not at 
all unusual, and that there were reasons why our bank account should be somewhat de- 
pleted, and that there were reasons why we were up against a condition now that might 
be very discouraging if we permitted ourselves to become at all despondent in connection 
with it. Twenty years ago I joined the Society. My election to membership was 
announced at the Society’s Summer Meeting in Detroit in 1904. At that Semi-Annual 
Meeting only 11 members registered. The Society had been in existence 10 years. It 
had come into being through the courage, vision, and foresight of men who were not 
schooled in the technical knowledge of our business. Many of them were men whose 
education was somewhat limited, but they had a vision of the need of such a Society 
as this, and despite their limitations they gathered together men of the same vision 
from all different parts of the country. Year after year they struggled in order that the 
vision that they saw might be fulfilled, and in order that the organization that they im- 
agined might come out of that start would come into being and fulfill all the promises 
and all the things that were expected of it. After 10 years 11 members responded and 
registered at the Semi-Annual Meeting. You know those might have been dark days in 
the history of this Society. I suppose men with less courage than the men who still 
remained in it might have thrown up their hands and said, ‘‘What is the use? Nobody 
wants this. We are putting our time and our energy into it. Why should we concern 
ourselves with an organization in which the people of this country, the engineers in 
particular, have no interest?’’ Nevertheless they stuck to it. They went down into 
their pockets, and they paid the expenses far and above the ordinary dues that they had 
established, and they carried it through those critical days until today. While we may 
not numerically be equal to some of the great engineering societies in the country, I say 
that, as an engineering organization, as an organization devoted to the work of its own 
kind, as an organization that has fulfilled in every way the greatest hopes of its founders, 
we stand second to none in this country, and I express that opinion with a full knowledge 
of the great work that is being done by the greater organizations. I know the feeling 
that they have for us, and I know they recognize the importance and value of this heat- 
ing and ventilating Society, and the position that it occupies in the engineering world. 





World Recognition of Research Work 


One of the great things that the Society has accomplished that has brought it recog- 
nition, not only in this country but all over the world, has been the Research Laboratory. 
And I say that the men who are responsible for bringing that Research Laboratory into 
being, who are responsible for having carried it on to the point where it is, were men of 
courage and vision equal at least to the courage and vision of the founders of the Society. 
They put it on a basis to carry it through a period of five years, and the end of the five 
years is here, and the enthusiasm that they injected into it at the start has waned to 
some extent. The financial returns are not as great today as we might hope for various 
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reasons, some of which I will try to outline, but the Laboratory has become a recognized 
institution. The Laboratory has become the bone and sinew of the Society, and to 
think that at this time those of us who have received the benefits of membership in the 
Society, those of us who have seen the Laboratory proceed so successfully in the things 
it was supposed to do are not going to fall down on our job, because I am sure we are just 
as courageous as old Andrew Harvey, William J. Baldwin, and Rolla C. Carpenter, 
all of whose names stand out boldly in the history of this Society. We are not going to 
let the Laboratory die. Weare not going to give up our homestead, as I said before, and 
sell our home and go out of business and divorce ourselves from this great institution. 
We can accomplish too much to quit at this particular stage. 


Personally, my knowledge of what the Laboratory was doing was somewhat limited 
until about the first of February. I wasa member who had confidence in those members 
who were promoting the Laboratory, and in those who were responsible for bringing it 
into being. I had such confidence in them that when they came to me and said, ‘“‘We 
want $5, $10, or $15” I gave it to them, because I thought it was the proper thing to do. 


In January of this year some members of the Society asked me to take over the 
Chairmanship of the Committee, and I said, ‘““No, I would not do it.’”’ I had the most 
common reason that any man could have, the reason that we all have, the reason that 
we always give for not doing the things that we ought to do, “I am too busy, and I 
can’t give it the time that it requires, and I am not going to take it over.’”” They came 
again and said, ‘‘We will help you. We will jump in and help you, and there isn’t any- 
thing but what we will do to help youout. You needn’t doany work.’’ I said on top of 
that fact that L was too busy; that I didn’t know what the Laboratory was doing; that 
I couldn’t go out and sell it to anybody; that I didn’t have the vision and imagination 
for that sort of thing; that I would not be satisfied to take hold of an institution that did 
not have the proper spirit of enthusiasm and try to whip it into shape; and that I was 
not going to spend the time onit. They said, ‘‘Well, we have looked the field over. We 
have decided that the men who have carried this thing through up to the present time 
are not to be asked to carry it on any longer, and it is the unanimous opinion of the 
Committee that you should be the Chairman.” They told me if I refused they would be 
in a rather critical condition; that there was only one thing left to do, which was to go into 
a meeting and make a resolution either to continue or abandon the Laboratory. I 
said, ‘‘I will tell you what I willdo. I have not dodged any work that has come to me in 
the Society, that I felt I could accomplish reasonably, and if you go in and make such a 
resolution, and the reaction in that meeting is such as to indicate to me that the Society 
wants the Laboratory, I will take over the job, no matter how big the sacrifice may be.’’ 


Society Wants Laboratory 


Many of you were there when the motion was made, and the reaction was all that 
any one could expect, and I was forced to redeem my pledge and take the job over. 
Then, I said, ‘‘Well, we only have the ‘Old Guard’ here anyway, the same limited number 
who were interested in bringing it into being, and the fellows in the byways and high- 
ways are not interested, and unless we can get a greater interest throughout the Society, 
we might just as well lie down on the job, and so I sent a letter on February 6th to all the 
members of the Society. Within 24 hours there were 50 replies on my desk, and for the 
next two months the replies came in from every town in the country, from every state in 
the union, from the provinces of Canada, from foreign countries all over the world as far 
away as Shanghai. 

Six or eight hundred letters came in and swamped me and my stenographic force. 
Among those six or eight hundred letters not more than five showed the slightest opposi- 
tion to the Laboratory. On the contrary the enthusiasm for it was tremendous. Member 
after member said, “If the Laboratory shuts down we are through with the Society. 

. We had better give up the Society than give up the Laboratory.”’ The most en- 
thusiastic letters came from those fellows situated away from the great centers—the 
fellows out here in Kansas, Colorado, and down in Oklahoma, the fellows up in Van- 
couver, over in Shanghai, and from the stricken countries of Europe were the most en- 
thusiastic for the Laboratory. ‘These men in the far distant lands knew every movement 
that had been made in the Laboratory, and they were not only willing that the Labora- 
tory should continue but they were offended to think that anybody should think other- 
wise. 

A letter from Dr. Alice Bryant of Boston, one of our leading members, was the 
grandest of all, and I say that without reflecting in any way on other splendid letters 
that came in. It was so complete and so comprehensive and so conclusive, that I saw 
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fit to have it immediately published in the JouRNAL in the hope that the members might 
read it. 

You know I have never pretended to be much of an engineer. My training has 
been in business, so my first thought was to find out where we stood financially, and I 
believe that we ought to call a “‘spade a spade,” lay our cards on the table, and have an 
understanding of the problem. 

The five-year pledges that many of the manufacturers made have expired, and they 
have not done the great work that the members of the original Committee on Research 
performed. The pledges expired and the manufacturers have not responded. They 


thought when the five-year pledge was over the Society would have established some- 


means of maintaining the Laboratory other than asking for a continuation of that five- 
year pledge, and because many of them were not doing as large a volume of business 
as they had expected, they said, ‘‘No more money.”’ The group of manufacturers who 


had contributed $5000 said, ‘‘Nothing doing. We are through.’”’ And the sources: 
from which we had obtained the funds to carry on the great work which we had done- 


were dry. The manufacturers said, ‘‘What does the Society do to maintain this?’ 
The answer is, that some members of the Society do a great deal, but the Society, as a 
whole, has not and does not and never has responded as well to the demands, the financial 
demands, of that Laboratory as it should. 


Practical Value of Research Reports 


The Society as a whole, perhaps many of them, had the same idea as I had, that this: 


work is more or less theoretical and has no practical value, consequently it is not an easy 
thing tosell. Now, right there, I discovered something that I had not appreciated before. 
“‘What does this research material amount to? Why don’t they put it in some form so 
that we can use it?’”’ Simply because that is not the function of the Laboratory. The 
Laboratory investigators are not men who are up against the practical problems that you 
and I are up against. They are down there to dig out the facts that we need, and it is 
up to you and me with practical minds to fashion those to our own needs, and to make 
them of practical, usable, workable value. 


So a Committee has been appointed. Alfred Kellogg of Boston is Chairman of that 
Sub-Committee and he has gathered a Committee of high grade men from the Massa- 
chusetts Chapter, and they are now making a study of all this great array of literature 
that the Laboratory has turned out—50 or 60 splendid papers—many of them deal with 
the same subject of course, and that has been one of the criticisms. There is bound to 
be repetition. They may be working on a problem for years, and every year they have 
to bring out a report about it and tell us what they are doing. ‘Same old bunk!” say 
the practical fellows. I am giving you the reaction, not of the thinking men of the So- 
ciety, not of the men who really have an appreciation for these finer things, but of the 


men who have to be reckoned with just the same. Mr. Kellogg’s Committee is going to. 


make a study of that critical feeling. 


Now, we have had a very, very small sum of money in the Treasury—a very small 
sum. When I took the job we had $3000 or $4000 in the Treasury, and we had a 
budget of $30,000. We ought to spend $50,000, and we might spend $100,000. We 
could spend far more than that if we had the money, because, after all, what we accom- 
plish depends on the amount of money that we have to spend. We have been running 
along for about five months on a budget of approximately $30,000 to $32,000. We 
had a deficit facing us unless we curtailed the program, or unless we immediately 
received the funds that we needed. We were unfortunate in starting over on this 
financial program. ‘This thing should have been discovered a year ago, but somebody 
like myself was too busy to give the proper attention to it. 


The reports lately have been far more encouraging, and the manufacturers are be- 
ginning to see the light of day, but, after all, it is a very repulsive thing for me to go out 
with my hat in my hand and say to the fellows who make traps, boilers, etc., ““‘We need 
some money.’”’ No matter how worthy the purpose may be, I was never any good in 
getting money for the Red Cross and that sort of thing. However somebody has to do 
it. Because it is repulsive to me I don’t want to be Chairman of a Committee whose 
members have to go out and do that, but we have to meet conditions as we find them, and 
that is what we have to do at the present moment. In the meantime we must establish 
this Laboratory on a basis that gives it a fixed and definite income—a basis on which we 
can establish a basic program of procedure. We must have an income that will come 


in regularly every year regardless of business conditions, and regardless of the attitude - 
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of the manufacturers generally, so that funds must come from the members of this 
Society. 

In my last letter to the members I called attention to the fact that there is going to 
be a resolution introduced at this Meeting asking for an increase of $10.00 per year in the 
dues of members which is to be deposited in the Research fund and devoted exclusively 
to Research purposes. We have 1600 to 1700 members. It gives us a basic fund of 
$16,000 or $17,000 per year. There may be some opposition to that, but I don’t think 
so. I don’t think there is going to be any real opposition to it. It may be necessary, 
unfortunately, for us to lose a few members. I am convinced that you members here 
before me today, and the hundreds who are elsewhere are back of me, and I know that 
the response to that suggestion is going to be overwhelmingly filled. This plan gives us 
a fund on which to start. Where are we going to get the rest? Are we going to have 
drives every year? NotifIcanhelpit. We must get the money in other ways, and one 
of the most feasible is THE GurpE. It is established and is growing, and we should get 
$10,000 from it without the slightest trouble. A substantial amount is expected from 
Tue GuibE fund this year to help out. 

We need money badly right now. We can hardly go through the year with what 
we have including what was left over from last year, and I would consider it a great 
calamity if we were not in better shape at the end of this year than when we started the 
year. I would consider my term as Chairman to be very, very unsuccessful, if we could 
not make both ends meet, and we had to draw on our capital account. It would be 
heading towards bankruptcy, that isall. But if we carry through this year and establish 
a policy that will fix forever the method of financing our Laboratory, why, we shall at 
least have met some success, 

Most of you are familiar with or have read the resolution passed at the January 
Meeting in connection with the matter of testing which has come to be called commercial 
testing. We have had some objection to the question of testing, but in connection with 
it there is a chance to help finance the Laboratory. ‘The testing that we do there under 
the terms of the resolution would carry with it a sufficient income to extend our funda- 
mental research work which is the specific purpose of the Research Laboratory. The 
testing that we have considered a necessity is simply a means of acquiring additional 
funds for the purpose for which the Laboratory was established. 

Now. many of you know the uproar in the heating industry, by disparity, of the 
boiler ratings. Professor Dibble looked into this question of testing boilers to take 
the heating industry out of its present chaotic conditions. Invitations were sent to the 
cast-iron boiler manufacturers to meet in Pittsburgh and talk this situation over. 
Twenty-three cast-iron boiler manufacturers were represented, and thirty-six represen- 
tatives of our own Society, and they proceeded with the idea of our going into this question 
of testing the cast-iron boilers. That is one of the activities of the Research Committee 
at the present time. I am not prepared to make a report, but out of that initial start, 
we hope to accomplish a great deal of good for the heating industry—a great deal of good 
to stabilize the conditions that are connected with boiler rating. 

I wish to say that this session will be devoted to Research papers prepared at the 
Laboratory as a result of the investigations made there. The papers to be read here will 
be presented in abstract form so as not to take up your time, and we will try to avoid 
getting into one of those conditions of disinterest that sometimes comes by reason of the 
character of these papers. They are not always the most interesting. 


W. S. Timmis, chairman of the Committee on Research Endowment Fund, 
submitted his report which was read by Secretary Houghten as follows: 


Report of Committee on Research Endowment Fund 


I beg to acknowledge your request to serve on the Endowment Committee of the 
Society which, as stated by you, has for its objective, the raising of an Endowment Fund, 
the income from which will be sufficient to defray the expenses of the Bureau of Re- 
‘search, and I beg to state that I shall be pleased to serve on this Committee, but I wish 
to give you my reaction to the general idea of an endowment in connection with the 
Bureau of Research at thistime. I do not think it will be practicable during this period 
of business depression to go out and secure funds in an amount sufficient for the purpose 
as discussed at the Annual Meeting in January of this year. I have discussed this ques- 
tion with a number of members of the Society and their reaction has been coincident 
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with my own, and I have been invariably informed that it would be iraprudent at this 
time to make an endowment drive. 

The thought has occurred to me however, that this Committee might consider 
a suggestion which is not entirely new, but which was discussed in the early days of the 
formation of the Bureau of Research. At that time thoughts were expressed that there 
possibly would be organized by the Government a National Bureau of Research of which 
the Bureau of Research of our Society might be a part. I will therefore suggest that 
this Committee, or a Committee to be appointed, be authorized by the Society to ap- 
proach the Secretary of the Department of Commerce and the Secretary of the Depart- 
ment of the Interior with a view to forming a National bureau of Research in connection 
with the existing Bureau of Mines, and Bureau of Standards. This National Bureau of 
Research should ultimately cooperate with the founder engineering societies such as 
American Society of Mechanical Engineers, American Institute of Electrical Engineers, 
American Society of Civil Engineers, American Institute of Mining and Metallurgical 
Engineers, Chemical Engineers, Refrigerating Engineers, and other Engineering Societies, 
and each of these Societies should direct and plan the work to be conducted at the Na- 
tional Bureau of Research, and should contribute some proportional share of the expense 
of conducting such research as will fall within the scope of their activities. Such an 
arrangement should meet with ready response from Secretary Hoover who is the first 
engineer who has had a prominent cabinet office for many years, and who has exhibited 
a profound interest in the part engineers are playing in the development of the country 
and its research. 

If such a proposal were carefully prepared and submitted to the Secretary we might 
even go so far as to state that we. will contribute, say, $20,000, per year, it being under- 
stood, however, that we are to lay out the program and direct the work which is to be 
done. 

We have a splendid record of achievement upon which to base this request, and our 
Society has blazed the way for a National Bureau of Research. If such a movement can 
originate with this Society, we should undoubtedly have greai cause for gratification, for 
we will have rendered a great national service and perhans even an international service, 
in that we know that whatever this country undertakes to do along these lines will be 
done properly, thoroughly and efficiently. 

This, Mr. President, in brief is the suggestion I would make in response to your 
honored request that I serve on the Committee on Endowment. 

I regret exceedingly that it will be impossible for me to be with you in Kansas City 
at this Meeting, but I can assure you that I am with the Society, and consequently with 
the Bureau of Research bcth heart and soul and you may count upon me to do whatever 
lies in my power to help the Bureau of Research and the Society. 

I feel that the suggestion above can be worked into a reality to the good of the 
country and to the glory of the Society. 


Respectfully submitted, 


W. S. Trwmis, Chairman 
W. H. Driscoll then submitted the following resolution: 


Resolved: That the Secretary be instructed to draw up a proposed amendment to 
the Constitution, providing for an increase in the dues of members and associate mem- 
bers, of $10.00, said increase in dues to be used for research only, and that he be guided 
by the present Constitution and By-Laws in presenting the amendment to the members, 
the amendment to be voted on at the next Annual Meeting in January, and to become 
effective as soon as possible. 


Presentation and discussion of the Code of Minimun Requirements for the 
Heating and Ventilation of Buildings, led by L. A. Harding, Chairman of the 
Code Committee, took part of the time of the second, fourth, and fifth sessions. 

E. B. Langenberg, St. Louis made the following motion which was seconded and 
carried: 

I move that the Standard Code as now submitted by the National Warm Air 
Heating and Ventilating Association be approved by this Society. 
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The formation of a local chapter at Seattle was announced at the last session of 
the Meeting. 

The social program for the Meeting was crowded with events. Whenever there 
was a spare moment from a professional session, the Entertainment Committee 
were ready to start the guests on a sight-seeing trip or escort them to a luncheon, 
musicale, golf meet, banquet, or dance. 

Following the session on Tuesday afternoon, 35 cars with a motorcycle police 
escort took the visitors for a 30-mile drive, stopping at Mission Hills Golf Club 
for dinner. 

A special luncheon was served to members of the Society on Wednesday at the 
Kansas City Athletic Club, followed by a golf meet at the Meadow Lake Country 
Club. A dinner followed the meet. Those not playing golf were taken on a trip 
of inspection of the Stock Yards, the plant of the American Radiator Co., and 
the power plant of the Kansas City Heat, Light, and Power Co. 

A banquet and dance held at the Hotel Muehlebach on Wednesday evening was 
the big social event of the Meeting. 

The women guests were provided with special entertainment. An informal 
luncheon was served for them on Monday and on Tuesday an automobile ride was 
followed by a special luncheon at the Hillcrest Country Club. On Thursday they 
attended a luncheon and musicale at the Roof Garden of the Kansas City Club. 

In token of the appreciation of the members for the hospitality and entertain- 


ment furnished by the Kansas City Chapter, the following resolution, offered by 


E. B. Langenberg, was adopted: 


This is the first opportunity that the AMERICAN SocIETy OF HEATING AND VENTILAT- 
ING ENGINEERS has ever had of being the guests of the Kansas City Chapter. It is 
also the first time the meeting has ever gone as far west. 

After some hesitation the Council of the Society finally decided to accept the invita- 
tion of the Kansas City Chapter. It was naturally expected that a smaller number of 
people would be in attendance on account of the distance from the large eastern cities, 
but the number present has far exceeded all expectations. 

We were aware of the tremendous enterprise of this great western city but we were 
not prepared for the wonderful reception which has been so graciously extended to us. 

The AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS assembled in its 
last session desires to express to the Kansas City Chapter and also to the committee of 
ladies cooperating with the Chapter, its sincere appreciation for the many courtesies 
which have been extended to the members and especially to the visiting ladies. 

It is with a feeling of deep regret that we are finally compelled to take our departure. 
‘The slogan ‘“‘The Heart of America’’ had only a vague meaning to those of us who had 
previously heard it spoken. We know now that this forceful and imaginative expression 
has a real true meaning. 

In the years to come every visiting member when his mind reverts to this occasion 
will visualize a city of rare beauty, tremendous force, and a place of delightful homes 
teeming with people whose hearts are responsive, and who have a delightful consideration 
for those who are fortunate enough to tarry here, if only for a few days. 


Be it therefore resolved: 


That these expressions of our app’ eciation be spread upon the minutes of our 
Society and also that copies of these resolutions be forwarded to the Kansas City 
Chapter and also to the local press. 


Kansas City, June 12, 1924. 
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PROGRAM SEMI-ANNUAL MEETING 1924 
AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 
Hore, MUEHLEBACH, JUNE 10-11-12, Kansas City, Mo. 


June 10, 1924 


MorNING—BUwsSINEsS SESSION 
10 a.m. Address of Welcome 
Response by President 
Committee Reports 
Paper: Using By-Products in Flour Mill Heating and Humidifying 
—E. K. Campbell 


AFTERNOON—HEATING SESSION 
2p.m. Paper: Determining Dry Return Proportions—R. V. Frost 
Paper: Performance of a Warm Air Furnace with Anthracite and 
Bituminous Coal—A. P. Kratz 
Paper: Selecting Wall Stacks Scientifically for Gravity Warm Air 
Heating Systems—V. S. Day 
4p.m. Automobile Trip 


EVENING 
7 P.M. Informal Reception and Dinner-Dance, Mission Hill Golf Club. 


June 11, 1924 


MorRNING—RESEARCH SESSION 
9a.M. Paper: The Commercial Value of Heating and Ventilating Research 

to the Engineer—F. Paul Anderson 

Paper: A Simple Method of Using the Katathermometer to Show 
the Effect of Air Motion on Human Beings—Margaret Ingels 

Paper: Effective Temperature Applied to Industrial Ventilation 
Problems—C. P. Yagloglou and W. E. Miller 

Paper: A Study of the Correlation of Skin Temperature to Physio- 
logical Reactions—W. J. McConnell and C. P. Yagloglou 

Paper: The Heat Given Up by the Human Body and Its Effect on 
Heating and Ventilating Problems—C. P. Yagloglou 

Paper: Some Additional Information Concerning Air Leakage 
around Window Openings—C. C. Schrader 

Paper: The Flow of Steam and Condensation as Affected by High 
Pressures, Horizontal Offsets and Valves—Louis Ebin and R. L. 
Lincoln 

Paper: Practical Applications of the Heat Flow Meter—P. Nicholls 


2 P.M. RESEARCH SESSION (continued) 
Code of Minimum Requirements for the Heating and Ventilation of 
Buildings—Discussion led by—L. A. Harding, General Chairman 
2.30 p.m. Golf Meet, Meadow Lake Golf Club. Inspection trip to notable 
Engineering Projects 
EVENING 
8 p.m. Banquet and Entertainment, Ball Room, Hotel Muehlebach 


June 12, 1924 


Morninc—CobneE SEssION (continued) 
9a.M. Report of Committee on Minimum Requirements for the Heating 
and Ventilation of Buildings—L. A. Harding, General Chairman 


AFTERNOON— VENTILATION SESSION 
Paper: Ozone and Its Use in Ventilation—Frank E. Hartman 
2p.m. Paper: Modern Trend in the Science of Ventilation—Perry West 
Paper: Some Comments on Present Day Heating and Ventilating— 
W. S. Timmis 
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USING BY-PRODUCTS IN FLOUR MILL HEATING 
AND HUMIDIFYING 


By E. K. Campsg.u, Kansas City, Mo. 


MEMBER 


LOUR is the world’s best known food. Its use is universal but nowhere has 
FP preciuction of this foodstuff been developed to such a high degree as in 

the United States. The history of the progress of the milling industry is 
amazing and a remarkable record has been made in producing a quality product. 
The heating and ventilating engineer has been consulted and has done his share in 
solving heating, humidity, ventilating and dust problems that have accompanied 
the advancement of flour milling practice. 

A problem that has been of great interest to millers is that of by-product heat and 
moisture. Therefore, in 1922, when the Kansas Flour Mills Co., decided to erect 
a 6000 barrel flour mill in North Kansas City the writer was called upon to study the 
heating and ventilating problems. The company already operated 11 other mills 
with a combined capacity of 15,450 barrels of flour per day which represents the 
grinding of 69,525 bushels of wheat in 24 hours, figuring 4'/2 bushels of wheat to 
the barrel of flour. 

While the new mill was to provide for 6000 barrels capacity, machinery for only 
3000 barrels was installed and is now in operation. The results noted in this 
paper are therefore based on the by-products from the production of only 3000 
barrels of flour per day of 24 hours, and the effect on the building of double that 
capacity can only be estimated. 

This building, Fig. 1, 240 ft. long, 65 ft. wide and eight stories high, contains 
about 1,500,000 cu. ft. of space of which 850,000 cu. ft. are to be heated. The esti- 
mated heat loss for the heated portion is about 3,000,000 B.t.u. per hour. The mill 
is of reinforced concrete, slip form construction and is what is known as a day- 
light mill being lighted by a large area of glass in steel factory sash. The machinery 
is electrically driven requiring motors of 1210 hp., the current for which is brought 
from the outside as there is no power generating plant provided. 

Out of the experience in operating the other mills the Kansas Flour Mills Co., 
knew that a large amount of by-product heat is generated in the grinding process. 
Along with this heat is a large amount of moisture thrown off from the grinders as a 
result of treating the grain with water. This soaking of the wheat is done to keep 
the fine particles from flying which would mean loss of flour and an increase of the 
dust problem. These things are well known in the milling trade but little attempt 
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has been made to save these by-products and use them although a mill must be 
both heated and humidified. 

The Hoffman brothers of the Kansas Flour Mills Co., however, determined to 
make a serious effort along this line and after canvassing the possibilities, the 
writer’s ideas were adopted as the basis, and he was authorized to put them into 
effect. It is not necessary to review the conferences by which we determined the 
results required. The writer knew nothing of the milling business and stated 
frankly that the owners must specify their requirements. After several talks 
a general outline was made about as follows: 

1. It is necessary to heat the third floor of the mill to 60 deg. and all 
floors above the third floor to 70 deg. whether the machinery is in opera- 
tion or not, no heat at all being provided for the first and second floors. 

2. It is necessary to humidify the mill while in operation and provide 
approximately 65 per cent humidity summer and winter. 

3. It is necessary to ventilate the mill in the summer while operating, 
to get rid of the surplus heat from the grinding process. 

4. The owners desire to use this by-product heat and moisture which 
bothers them in the summer, to heat and humidify the mill when it is in 
operation in the winter. 

This is not the order in which the problems came up. The owners had no defi- 
nite outline in mind, and it took considerable questioning to get things in shape to 
know exactly what the problems were. They were, however, greatly interested 
in saving the surplus heat in the winter and applying it on the heating of the mill, 
thereby reducing the fuel cost. The outline above, however, is the logical order 
from the engineer’s standpoint and will be the order of development in this paper. 

Surveying this problem as a whole, it is apparent that a direct steam system 
will meet only the first two problems unless combined with a separate ventilating 
system which would run up the cost and still leave the problem of saving the 
by-product heat in which the owners were most interested unsolved. It seemed, 
therefore, that the situation demanded a furnace blast system for the following 
reasons: 

1. If the waste heat was really to be saved a sectional plant in which the 
individual! units could be quickly stopped or started was essential. 

2. Since the mill is buying its power from outside, it needed the most 
economical heat generators—and steam boilers are not so economical as 
rightly built hot-air furnaces. 

3. Large volumes of air must be moved both for summer ventilating and 
to save the waste heat in the winter. 

Therefore a fan furnace system with special features was proposed and installed. 
The mill was started and our plant put in operation on August 21, 1923. 

Taking up the problems as outlined it was necessary first of all, to heat the mill 
to 70 deg. in the coldest weather. On the basis of 70 deg. at 10 deg. below zero, 
the heat loss of the mill is approximately 3,000,000 B.t.u. per hour. To supply 
this loss four large furnaces were installed as shown in Fig. 2. These furnaces 
have been developed particularly for industrial work and the fire box is built of 
5/1, locomotive fire-box steel of the highest tensil strength and protected inside 
by a fire-pot of fire-clay tile just as in a smaller steel furnace. The joints are all 
electrically welded, no rivets being used. The flame and gases of combustion pass 
into the second chamber of radiating drum which is also welded. This drum con- 
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tains 21 vertical tubes each 8 in. in diameter and 5 ft. long, making a total heating 
surface for the furnace of 452 sq. ft. When erected each furnace stands 6 ft. high, 
42 in. wide and 14 ft. long. These furnaces are not rated as boilers and furnaces 
are ordinarily rated but for our own guidance, each was figured to deliver 1,000,000 
B.t.u. per hour without overheating the metal. This provides a safety margin 
of 33!/; per cent of the estimated requirement. 
Referring to Fig. 2, it will be noticed that the smoke breeching is connected at 
the bottom of the radiating drum without by-pass or direct draft. A natural set- 
tling process goes on there at all times, the coolest gases are always at the bottom, 
the hottest gases remaining at the top falling toward the smoke outlet as they 
give up their heat and become heavier. The large amount of surface together 
with the large volume of air striking it combined with this settling process results 
in a very low flue gas temperature and in retarding the hot gases in the large com- 





Fic. 1. A Kansas City Flour Miz with 6000 Barret Capacity 


bustion chamber until there is good mixture and the combustion process has 
reached a high percentage of completion. A small amount of secondary air is 
discharged above and at the front of the fire to aid this process. It is taken in 
through the draft door so no special control of this secondary air is needed. 

A question frequently asked is, ‘“How does this affect the draft?” We have 
never been able to discover any effect and do not as a rule require as strong flues as 
are specified for ordinary steam practice. 

Four of these furnaces comprise the heating plant. They are all set in one brick 
enclosure as shown in Fig. 3, so that one or more can be fired as occasion requires, 
giving the sectional feature necessary to apply the waste heat to the reduction of 
fuel.consumption and to fit mild and changing weather conditions. 


The air is moved over these furnaces by two 8 ft. Parker-Hope fans which have 
blades in the shape of a half globe, a modification of the cone type and are very 
efficient low pressure volume blowers. Each fan is belted to a 10 hp. motor with 
reducing pulleys so that each fan is operated at about 150 r.p.m. at which speed 
and under the conditions which prevail in this particular installation, they are de- 
livering about 100,000 cu. ft. of air per min., giving a change of air once every 8 min. 


Before we finish experimenting in the operation of this plant this speed will be 














246 'FRANSACTIONS AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 


increased as the motors now show only 52 per cent load and use but 4.08 kw. of 
current each. This will be particularly for summer use as this speed and volume 
are satisfactory for winter purposes. 

The duct system is shown in Fig. 4, being a cross section of the mill showing the 
duct rising and discharging to the various rooms. The duct system is laid out on 
a recirculating plan, one duct on the right side being return air duct, one on the left 
the warm air or supply duct. The fan will therefore draw the cold air off each 
floor through openings located close to the floor, pass that air over the furnaces, 
driving it through the supply duct into the various rooms. All openings are dam- 
pered so that the temperature can be controlled by referring to thermometers 
hung at various points in the building. No attempt is made to supply automatic 
regulation. 

Because the system is laid out on the recirculation plan there is no necessity of 
using distributing ducts to drive the heat to the various parts of the different 
floors, and although the main room on each floor is 111 ft. long with both the sup- 
ply and return openings at the same end, there is no difficulty in getting an even 
distribution of the heat throughout the room without distributing ducts. This 
principle has been successfully applied in rooms as long as 780 ft. and we have 
found no occasion when this scheme is properly applied, where it failed to get as 
perfect a distribution as can be desired. It is the writer’s belief that if those engi- 
neers, who at the present time are worrying so much about problems of distribution, 
would lay aside their prejudice against recirculation, they would find that many of 
their problems would automatically disappear without producing new problems to 
anything like the extent they fear. Neither does the writer believe that ozone 
is necessary as a purifier, except as a deodorizer. 

It will be noticed from Fig. 4 that the ducts as they rise through the mill above 
the third floor are in waste space between the flour bins. Through the first and 
second floors they occupy space which might otherwise have been used, but above 
the third floor they occupy no space that would have been of any value. 

This simple installation is designed to and the writer thinks will, without ques- 
tion, heat the mill to 70 deg. in the coldest weather that comes in this climate 
without the aid of the by-product heat. Also we think it will heat the mill to 120 
deg. when it is 90 deg. outside. Mill men state that this is a very important matter. 
There are a number of disinfectants which can be used, each one of which will ex- 
terminate some of the pests but not the others and the only thing that will get 
them all is to heat the mill to 120 deg. continuously for 24 hours. (Some millers 
think as high as 150 deg. is needed, but the mill being considered specified 120 deg.) 
That, they say, reaches all of the pests and destroys not only the pests but any eggs 
that may have been brought in with the wheat. Of course the mill is shut down and 
closed tight at such a time. 

After considerable discussion about the problem of humidification, the use of air 
washers and other means of moistening the air, the fact was finally brought out that 
they wanted us to include in our work a method of heating 700 gal. of water per 
hour which they use to treat the grain and get it in proper condition to go to the 
grinding machine. In the various processes which follow the grinding this moisture 
is, of course, gradually evaporated and escapes into the mill, being carried by the 
air of the conveyor system and discharged to the eighth floor. With this amount 
of moisture discharged into the mill every hour it is quite evident that the humidi- 
fication problem will take care of itself as long as this moisture is recirculated by 
the heating system. There would be, therefore, no humidifying problem when 
both the mill and the heating plant are in operation. 
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This proved to be the case in operation, and the mill was humidified to about 60 
per cent during the fall months. But trouble resulted in the colder weather on the 
eighth floor where of course the moisture is very excessive and where the thin con- 
crete walls (about 8 in. thick) cause great condensation. Various makeshifts 
were tried during the winter to overcome this trouble but, of course, without success. 
Only thorough insulation of the walls will correct this condition and this is to be done 
during the coming summer. 

This of course caused the upsetting of the main feature of the system in severe 
weather to a considerable extent, so that results in both humidification and fuel 
saving were not up to expectations or possibilities in cold weather. Yet in spite 
of this condition, two of the four furnaces together with the by-product heat proved 
enough to heat the mill when the temperature outside was 15 deg. below zero. 





Fic. 2. FURNACES FOR INDUSTRIAL HEATING—FOUR OF THESE 
Units UsEp In Kansas City Flour MILis PLANT 


When the mill is not in operation there is, of course, a humidifying problem 
because it is necessary to maintain the proper percentage of humidity to protect 
whatever stock is in the mill and also to keep the air in proper condition for the men 
at work. Also, when the mill is in operation in the summer time, and the heated 
air from the dust collectors carrying its moisture is discharged from the mill, there 
will then be a humidifying problem which must be taken care of. New air will, 
of course, be drawn into the mill continually and this air must be humidified so 
that the humidity of the mill is maintained at about 60 per cent. This problem, 
will of course, be more acute in dry seasons and the great need of humidification will 
be during the months of July and August, or during a season when the rainfall is 
scant and the air generally is dry. 

To supply this humidity spray heads have been installed in the rising column of 
air using compressed air for atomization. While no attempt was made at automatic 
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control, these sprays can be controlled by the head miller to meet any set of condi- 
tions. A similar set of sprays in the Sand Springs Cotton Mills is humidifying the 
weaving room to 95 per cent in the winter months. 

The problems presented by the generation of heat in the grinding process are 
exceedingly indefinite. It appears that no one knows how much heat is generated 
in the grinding of a bushel of grain, or any other quantity. It also appears that 
the quantity is not the same any two times. It varies with the quality of the grain. 
It varies with the preparation of the grain. It varies with the speed of the milling 
process. It varies with the conditions of the air in the building. It is an extremely 
variable and indefinite quantity yet the millers all agree that it is a very considera- 
ble amount and worth attempting to save. 


It comes about, of course, just in the same way that the head of a wooden stake 
gets hot if you hammer it with a mall. In the modern mills, it is a repetition of the 
process of crushing. Each process doing just as little as possible. This is the dis- 
tinction between the gradual reduction mill and the old time mill which simply 
ground the flour between a pair of burrs. In this grinding or crushing process, the 
wheat itself becomes heated, the flour comes out of the mill heated, the bran is 
heated, the shorts are heated, the rolls themselves are heated and the air which is 
used in the conveyor system is heated. 

Any attempt to trace the travel of the heat through these various items is a 
difficult problem. Some of it, of course, goes with the flour, with the bran, with 
the shorts, into the packing room and is lost to the mill. All of this material is 
delivered to the packers at about 90 deg. That which goes into the rolls them- 
selves is transferred by conduction into the balance of the machine, and from them 
by convection into the air of the room in which the machine stands. Thus some- 
times the roll floors become very hot although in most of the modern mills the roll 
floors are not excessively heated and most of the heat is transferred by convec- 
tion to the air of the conveyors system and discharged into the mill or outside as the 
case may be through the dust collectors. 


In this particular mill, there are 30 Niagara cloth tube dust collectors which 
discharge the air into the seventh and eighth floors so that the heat thus discharged 
into the seventh floor will rise promptly into the eighth. These dust collectors are 
supposed to take all of the dust out of the air. Of course they are not 100 per cent 
efficient, but the millers assure us that they are near enough 100 per cent efficient 
so that we would not have to worry about the dust problem and no air washers or 
other means of cleaning the air were required in connection with the heating system. 
Experience in this regard is somewhat indefinite as yet. 


This type of dust collector discharges all of the air of the conveyor system and 
therefore the heat which is generated in the grinding process inside of the mill 
except the heat which is carried out in the warm finished products. This fact 
creates two problems that are both highly important to the millers, and in which the 
Kansas Flour Mills executives were particularly interested, one is the expel- 
ling of this heat in the summer time, and the other is saving the heat in the 
winter. 


The ventilating problem in the summer is accomplished purely by the volume of 
cooler air driven into the mill and, of course, creating a pressure within the mill 
just the same as in any plennum fan system. In the rodf above the eighth floor are 
very large ventilator openings under control. They will be closed in the winter, 
wide open in the summer, so that the pressure created by the fans will drive out the 
hottest air of the mill, which will hug the ceiling of the eighth floor, and go imme- 
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diately out through these ventilator openings. This will drive out a large part of 
the heat directly. Dampers can be controlled on the various openings so that the 
pressure can be directed against this top floor or against other floors should they 
show any tendency to accumulate surplus heat. 


You will notice on the basement floor plan, Fig. 3, three large doors are shown 
between the basement and the air chamber immediately behind the fans. There 
are two windows opening directly into the air chamber, and a number of other 
windows opening into the general basement. These windows are all shaded by the 
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concrete loading dock. There are a number of these openings on both sides of the 
building so that air can be drawn from the coolest places surrounding the build- 
ing, aiding further the summer ventilating by getting the coolest air possible. 


With the fans in operation all night, as the mill is a 24 hour mill, the building 
will become thoroughly cooled each night and consequently can be kept comfortable 
by the moving of the air even on very hot days. 

The cooling of the mill and driving out of this surplus heat is an important matter 
from the standpoint of the production of the flour, and we know of one case in which 
a mill with no provision for ventilation increased the production of the flour 100 
barrels per month by installing exhaust fans to take the heat away from the grind- 
ing flour in the hot weather. 
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The volume of 100,000 cu. ft. of air per minute, which has been mentioned, can 
be increased to approximately 140,000 by speeding the fans to about 220 r.p.m. at 
which speed the motors would approach full load. A much larger volume of air 
would be required to take care of the summer heat were it not that the fans operate 
all night as well as all day, during which time they get air which thoroughly cools 
the walls as well as the air of the mill, preparatory to starting through the hot part 
of each day. 

The reclaiming of the surplus heat has now become a very simple matter. The 
foundation for it has been laid in the general layout of the system, and the only 
change which needs to be made to meet this problem is to carry the return air 
duct full size clear to the ceiling of the eighth floor instead of reducing it at each floor, 
as would be the natural thing to do if it were a straight heating plant. It will be 
noted in Fig. 4 that the return air duct maintains full size to within about 3 ft. of 
the roof, as the hottest air of the mill will be next to the roof under conditions ex- 
isting in this mill. This simply means that the fans at the bottom of the return air 
shaft will be continually skimming this heated air from the top floor, pulling it down 
through the return duct, over the furnaces, which will be fired or not as needed, and 
then driving it into the distributing ducts, discharging to the various floors as may 
be required just as if the heated air was all coming from the furnaces. 

The conditions that we have to meet then are three fold. At times all of the heat 
will be generated by the furnaces, at other times there will be no heat at all passed 
through the fans, and at other times, when the mill is in operation in the winter, all 
of the surplus heat which can be reclaimed will be passed over the furnace and 
through the fans, supplemented by one or more of the furnaces in service as the 
need develops. It was our hope, and it proved out, that in some weather the 
reclaimed heat alone would be sufficient to warm the building. 

Of course the amount of heat that would be saved by such process was and is 
problematical. The amount could only be estimated in an indefinite sort of way 
from the rule which is generally accepted as approximately correct among the mil- 
lers, that about 40 per cent of the horse power used in driving the mill is used in the 
actual grinding process and is turned into heat. The other 60 per cent is used in 
the conveyor system and in the friction of machinery itself which, of course, gener- 
ates heat, but a very negligible amount. 

This mill has a total motor capacity of 1210 hp. for the machinery now installed. 
Of this, however, only 1075 is used in the operation of the mill. Forty per cent of 
this is 430 hp. Assuming that this entire 430 hp. is turned into heat, at 2546 
B.t.u. per horse power, this will figure 1,094,000 B.t.u. per hour. This is slightly 
more than one third the estimated requirement of the building at 10 deg. below 
zero. 


This was advance figuring and no one knew how near the mark it might hit but 
it proved to be substantially accurate. Without any fire in the furnaces the by- 
product heat maintained a temperature of 70 deg. when it was 40 deg. outside, 
actually supplying three eighths of the total requirements, or about 1,250,000 
B.t.u. per hour. When the machinery and the by-product heat are doubled it is 
hoped to double the fuel saving though it may be necessary to speed up the fans to 
maintain bearable conditions on the top floor. 

The total fuel saved for the winter is not what it should have been because much 
fuel was wasted in experiments carried on by the miller trying to solve the sweating 
problem on the top floor. The total fuel used for the winter was 1150 barrels of 
fuel oil. An interesting comparison has come to the writer from the Midland Mill 
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also in North Kansas City. It is a 1700 barrel mill with estimated heat loss of 
about 1,250,000 B.t.u. per hour. It is heated with direct steam and air, and mois- 
ture from the dust collectors is discharged to the atmosphere. Three thousand 
barrels of oil were required to heat it and this has been the average for several 






































Fic. 4. SECTION THROUGH DucTts—FURNACES 
AND Fans 


years—ever since the mill was built—nearly three times as much fuel to supply 
less than half the heat losses. 


Reviewing the results obtained and the problems met, these facts seem to be 
established: 


1. The by-product heat was very evidently underestimated. 

2. The system seems to make available for use in heating a building all 
of the by-product heat except that which is carried out in the finished prod- 
ucts. 
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As a whole the experiment has justified itself. It has paid its way and when 
carried to final conclusion under the best operating conditions, will prove a real 
method of saving fuel for the millers and so far there seems to be no obstacle which 
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3. Proper operating conditions for such a system with the air discharged 
free from the dust collector into the top floor requires thorough insulation 
to prevent sweating. This might be obviated by taking the air direct from 
metal dust collectors to the fan without discharging it into the top floor. 


4. There seems to be ample humidity provided with the exception of the 
hot weather when the heat and humidity from the dust collectors are dis- 
charged from the mill. 

5. The actual saving in fuel under proper operating conditions, is about 
thirty per cent of the total requirements of the building in this particular 
mill where there is only half of the machinery installed. When addi- 
tional machinery is in operation I believe this estimate can safely be 
raised to 55 per cent. This percentage does not include the saving due to 
the use of the furnace fan system instead of direct steam, which the Mid- 
land Mill comparison indicates is very considerable. 

6. The dust problem may prove more serious than was anticipated. 
That also could be handled by taking the air direct from a metal dust col- 
lector and not discharging it into the mill until it had been cleaned. 


cannot be successfully and fully overcome. 








WIiIAA 








No. 697 
DETERMINING DRY RETURN PROPORTIONS 


By R. V. Frost, Norristown, Pa. 


MEMBER 























xperimental work that develops factors for practical application is of 
immeasurable value to the practicing engineer, and is a decidedly worth- 

while contribution toward the progress of the profession. A recent example 

of such work in our field is that of Prof. L. S. O’Bannon on The Simultaneous 
Flow of Air and Water in Pipes, so widely commended at the last Annual Meeting. 
The results are of unusual practical application and give us an opportunity to an- 
alyze the factors governing flow of water and air in return lines in a manner hereto- 
fore impossible. It is the writer’s pleasure to be able in this paper, to present to 
the Society an analysis of these factors, and to show how they must be taken into 
account in properly proportioning dry return capacities. 
Chart Fig. 1 is the complete O’Bannon chart for simultaneous flow of water and 
air in 1 in. pipe, graded 1 in. in 10 ft., while chart Fig. 2 is that section.of the 
O’Bannon chart that covers the field of practical application. 
Instead of giving capacities for water flow in pounds of water per hour, Fig. 2 
shows corresponding values in square feet of radiation: thus, the 100 Ib. line on the 
O’Bannon chart is the 400 sq. ft. of radiation line in Fig. 2. 


Since each vertical line in Fig. 1 represents the carrying capacity of the pipe for 
a certain depth of flow at a given grade, it has been possible to establish correspond- 
ing carrying capacities for the same depth of flow at other grades; as shown by the 
values set opposite the grades of 1 in. in 20 ft., 1 in 30 and vertical. In this par- 
ticular, however, it must be remembered that the O’Bannon experiments have not 
been completed, and consequently, other grade conditions than 1 in 10 must be 
based on calculation from data of other authorities. 

On the vertical side of Fig. 2, in addition to the pressure drop for 100 ft. of length, 
corresponding pressure drops for multiple lengths of 100 ft. have been shown. 

In working out the capacities and resistances in return pipes from these charts 
it has been necessary to establish certain basic values; the first, being the steam 
space volume in a direct radiator. This volume, without checking by actual 
measurement, has been calculated at 3 cu. ft. per 100 sq. ft. of radiation. Having 
established this value and setting some time limit for the ejection of air from the 
radiator, it is a simple problem to determine the relationship between capacity 
and pressure drop, or back pressure. 
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For example: If the air in a 400 sq. ft. radiator is ejected in 10 min., the rate of 
ejection will be 1.2 cu. ft. of air per minute. This point being plotted on the chart 
as shown. 


In a similar manner, other points are plotted until the set of curves marked as 
the “Pressure Drop—Capacity Lines,” have been established. By means of these 
curves, it is easy to read the pressure drop in the line or the back pressure, or pres- 
sure resistance,—as may be the preferred term, for any given relationship of capacity, 
time allowance for air ejection, and size and grade of pipe. 


Having prepared the chart, the conditions entering into the proportioning of the 
return line can be studied. Assume that we have a capacity load of 300 sq. ft. 
of radiation for a 1 in. dry return line. Fig. 2 shows capacities of 280 sq. ft. 
for a grade of 1 in. in 20 ft., 300 sq. ft. for a grade of 1 in. in 10 ft., and 280 sq. 
ft. for « vertical pipe. Since under each of these conditions, the same volume of 
water is passing through the pipe in a unit of time, and also the same volume of air, 
the rate of flow of both the water and air is affected by the change of grade, and 
therefore, the pressure drop or resistance to the air flow decreases in proportion 
to the increase in grade. The change in resistance, however, is very, very slight 
and can be ignored, as the total resistance itself is a very small factor, being ap- 
proximately 0.1 oz. per 100 ft. of. pipe. 


However, if the load on the line is increased to 400 sq. ft., it is discovered that the 
resistance has taken a jump to about 0.18 oz., an increase of 80 per cent as com- 
pared to but 33.3 per cent increase in capacity, and if the capacity be further 
increased to 600 sq. ft., the pressure drop jumps to 0.45 oz., an increase of 450 
per cent in resistance as compared to 200 per cent increase in capacity. 


If a longer time allowance is given for the ejection of the air in the radiator, a 
1 in. pipe, graded 1 in. in 10 ft., will carry 600 sq. ft. of radiation with a pressure 
drop of less than 0.1 oz. per 100 ft., for a 30 min. interval, and that 1000 sq. ft. of 
radiation can be carried with a pressure of not to exceed 0.2 oz. If the opposite 
direction is taken and an attempt made to eject the air in 3 min., then it is found that 
for 300 sq. ft. of radiation, the pressure drop increases to 0.8 oz., and for 400 sq. ft., 
to 1.5 oz. 


It is well to note that all of these points are far below the border line for region 
of steady flow; that is, any of the capacities that have been considered can be safely 
carried in a 1 in. pipe without danger of a turbulent or noisy flow. 


In the case of air flow, it is apparent that the only effect to be considered is that 
with the increase in capacity and resultant increase in resistance to air flow, a point 
is reached at which the resistance in the return line balances the steam pressure 
in the radiator, and further increase in capacity causes an increase in the time for 
air ejection. 

The increase in resistance to air flow has no effect whatever upon the flow of con- 
densation. 


The length of the return line can have no effect upon the flow of condensation, 
owing to the impulse to flow being caused by the grade of the line, but it does cause 
an increase in resistance to the flow of air, in direct proportion to the increase in 
length, with the result that a longer interval of time is required to eject the air in 
the radiator. The principal advantage to be gained by making a return line ample 
in size is to reduce to a minimum the back pressure on the radiator, thus causing a 
free flow of steam to the most distant radiator, and provided the steam supply 
lines are properly balanced, bring about a uniform heating of all radiators. 
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It is important, in the study of this problem that one maintain the proper per- 
spective in order not to go to extremes. It is the writer’s own inclination to lay 
great stress on the grade of the pipe, while others go to the other extreme in laying 
too great stress on the pressure drop; whereas, an examination of the chart shows 
that the same capacity can be carried in the same size pipe on a line in which the 
grade varies from 1 in. in 30 ft. to a vertical, without seriously affecting the pressure 
drop, and likewise, owing to the very low pressure drop under usual conditions, if 
the size of the line is changed to allow for increased length, the line becomes un- 
balanced to a greater extent than if one uniform size for all reasonable lengths is 
maintained. 


The important problem to be solved by the aid of these charts is to select the ideal 
carrying capacity for each size of pipe. At present, the incomplete condition of the 
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Fic. 1. A Capacity CHART FOR STIMULTANEOUS FLOW oF WATER AND 
Arr In OnE INCH PIPE—PARALLEL FLOW 


experimental work prohibits our going beyond the one size given on this chart; 
nevertheless, it is possible to illustrate very thoroughly, the influence of the con 
tributing factors upon the carrying capacity. 

First: It must be borne in mind that any capacity rating given to a pipe is based 
on ideal conditions, and that sufficient leeway must be allowed for abnormal con- 
ditions, such as a cold radiator and a cold room, which would tend to increase the 
condensation rate above normal. It is important that the capacity be kept well 
below the line for unsteady flow. 

Second: The pressure resistance to flow must be maintained low, to permit uni- 
form circulation, to avoid increased boiler pressure and to permit rapid ejection of 
air from the radiator. 

As an example, suppose standard practice for a vapor or atmospheric system of 
circulation is selected. Assume 400 sq. ft. capacity as the rating for a 1 in. dry 
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return line for this class of work. An analysis of the O’Bannon chart shows that 
if the air in the radiator is ejected in 30 min., the resistance is 0.05 oz. per 100 ft. 
of pipe, if it is ejected in 20 min. the resistance is 0.1 oz., and if ejected in 10 min. 
the resistance is 0.2 oz. If the line is 400 ft. long, the resistances become 0.2 oz., 
0.4 oz., and 0.8 oz., respectively. If an attempt is made to balance the capacities 
for the 400 ft. line as compared to the 100 ft., then the capacity must be reduced 
to less than 200 sq. ft. on the 400 ft. line in order to maintain the same pressure drop 
as for the 400 sq. ft. on the 100 ft. line. The resistances given are for the capacity 
of 400 sq. ft. in the pipe graded 1 in. in 10 ft. If the grade is decreased to 1 in 20 
or 1 in 30 then the resistance is increased, but the proportional increase is so slight 
that the increased resistance amounts to but 0.025 oz. for the decrease in grade from 
1 in. in 10 ft. to 1 in. in 30 ft. 

In reference to the pressure drop in modulation systems, one well-known au- 
thority makes the following statement: 

Pressure drop in the return main is variable—greatest during initial 
heating and dependent on length of run and maximum velocity. In a 
well-proportioned system, the pressure drop should never exceed 0.05 Ib. 
per sq. in. differential between the farthest radiator trap and the vent, 
and during normal heating is so slight as to be almost negligible. 

In this quotation, a basic fact is so well stated, that the writer proposes to make 
this the basis for establishing the capacity of the dry return lines for this class of 
service. The 0.05 lb. pressure drop quoted—equivalent. to 0.08 oz., is the max- 
imum resistance that we have allowed for a line of 1 in. Pipe, 400 ft. long, carrying 
400 sq. ft. of radiation. 

Therefore, it is the writer’s proposal that it be established as standard practice 
for modulation, vapor or atmospheric systems using radiator traps: namely, 
that a 1 in. pipe, graded not less than 1 in. in 30 ft., and not exceeding 400 ft. in. 
length, including allowance for turns in direction, be rated to carry the condensa- 
tion and air from 400 sq. ft. of radiation gross, and that 10 min. be the maximum 
time interval for ejection of air from the radiator, or time for the radiator to heat 
completely. 

Having established this basic standard, all pipe sizes can be rated in ratio to the 
above. 

If the conditions for a vacuum line are maintained as stated: that is, the rating 
based on 400 ft. in length, and the time interval for air ejection set at 10 min., then 
there is a pressure drop of 2 oz. per 400 ft., on 600 sq. ft. capacity in the 1 in. pipe. 
The conditions under which a vacuum operates vary from those of a modulation 
system, in that as soon as the air is ejected from the radiator, then re-evaporation 
of the water of condensation forms a considerable volume of vapor, which must be 
taken into account. If the evaporation is based at 21/2 per cent and the volume of 
vapor at 40 cu. ft. per lb., the resultant volume of vapor per minute is equivalent to 
the volume of air to be ejected per minute. 

On this basis the rating for 9 1 in. vacuum line, not to exceed 400 ft. in length, 
graded not less than 1 in. in 30 ft., would be rated at 600 sq. ft. If the line is in- 
creased to 800 ft. in length, the capacity must be decreased to 440 sq. ft. in order 
that the pressure drop does not exceed 2 oz. maximum. In establishing this rating 
the maximum allowable pressure drop was arbitrarily set at 2 oz. and on com- 
parison the rating was found to agree very closely with what may be called standard 
practice. 

All the foregoing discussion has been based on the parallel flow of water’and air. 
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Counter flow was also covered by the O’Bannon experiments, but an extended dis- 
cussion is unnecessary as within the area covered by practical return line propor- 
tions, the relationship between capacity and pressure drop differs but slightly from 
that on parallel flow. 

In establishing standard tables for pipe sizes it is important that the view point 
of the designer be constantly kept in mind, for details can easily be added that 
would serve to confuse rather than assist the user. To obviate this possibility, 
let our return line tables be reduced to one capacity for each size of pipe with 
a statement of the limiting conditions under which the rating was established. 
In this way, systems can be as well balanced as is possible with the commercial 
sizes of pipe, as can be done by the aid of some of our present super-refined tables. 

In this connection it is suggested that the sections on Dry Returns of Tables 
27, 28 and 29 of Tue Guipz, 1923 be changed to contain but one column with the 
heading “Dry Returns not exceeding 400 ft. in length graded not less than 1 in. 
in 30 ft.,” and that the values be those given in the present column for Vertical 
Pipes. Further that Table 31 be discarded as containing too much detail and 
Table 36 must stand substantially as given. 

The Soctety is indeed indebted to Prof. O’Bannon for his exhaustive research 
work that has placed such a fund of information on this subject at our disposal, 
and it is to be hoped that his work will be continued to its final completion. 
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OZONE AND ITS USE IN VENTILATION 


By Frank E. Hartman, Pirtssurau, Pa. 


MEMBER 


The Constitution of Ozone 


ZONE is an allotropic modification of oxygen. Allotropy is a term used to 
C) describe the existence of elements or compounds, while possessing the same 
chemical composition, display different physical or chemical properties. 
Carbon presents a well known example of allotropy. All of us know carbon in 
three distinct forms; the diamond, graphite, and the amorphous varieties such as 
lampblack, etc. Everyone of these modifications of carbon possess the same 
molecular weight and are composed solely of carbon, yet they display important 
chemical differences, while their physical differences are quite palpable. A further 
excellent example is found in phosphorus. Red phosphorus, such as is used for 
matches, is quite inert towards the atmosphere at ordinary temperatures, while 
the yellow, or normal, variety reacts with explosive violence with the oxygen of the 
air at ordinary temperatures. Both of these modifications are composed solely 
of phosphorus, and further possess the same molecular weight. 

These examples serve to illustrate the enormous differences in the behavior of 
chemical elements when existing as allotropic modifications, and they have been 
cited, primarily, to show that ozone is in no sense unique, but displays chemical 
differences from oxygen that are readily ascribable to a state of allotropy. 

Considerable trade literature on ozone that I have read tends to treat this 
substance as though it were one of the baffling mysteries of present day science. 
Such phrases as—‘“‘Ozone is generally conceded by chemists to be a form of oxygen, 
“Ozone is undoubtedly an electrified oxygen’’—occur and reoccur all through these 
little advertising brochures, and their general tone is one that tends to infer that 
ozone is an intangible substance, something like our hypothetical aether, that is not 
susceptible to the broad generalizations of applied science. To better drive this 
point home these little brochures avoid quantitative treatment of the subject as 
one would the plague. The natural inference that follows such procedure is, that 
quantitative treatment is not possible, or of such a complicated nature as to exclude 
it from the scope of the engineer. 

This is not good for any industry, and ozone today has undeniably taken its 
place as a stable industry. No one wants to invest one’s clients’ money in un- 
certain ventures, nor is the engineer given to buying pigs in pokes. Of course, we 
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can at any time say that all of our knowledge is simply relative, that nothing is 
absolute. Practically any theory that serves science so ably today can be made 
ridiculous by pushirg it out to its ultimate logical sequence. But such is the task 
of the abstract scientist, and even he dare not tear down an edifice of theory 
unless he has the materials from which he may construct a better one in its stead. 
The engineer is interested in the concrete, and while he may use abstract truths to 
guide his judgment, he can only employ the practical in the execution of the tasks 
entrusted to his care. Anything that is not susceptible to mathematical treatment 
can be of but little practical use to the engineer. 

As before stated, ozone is an allotropic modification of oxygen. Exceedingly 
reasonable, and decidedly familiar laws govern its formation, and the technique 
of its quantitative determination is familiar to every routine analyst and is cer- 
tainly a part of the mental equipment of every chemist or chemical engineer. It 
does not possess a molecular weight in common with oxygen since ozone is composed 
of three atoms of oxygen, whereas normal oxygen has but two atoms to the molecule. 
Oxygen is normally, and persistently, a diatomic element, hence, the addition of 
an extra atom strikes at molecular stability, therefore, ozone is highly unstable, 
and it is this unstability that gives it its chief virtues. 


Production of Ozone 


Commercially, ozone is produced through the agency of a high tension electric 
discharge. Fig. 1 illustrated diagrammatically, the essentials of an ozone generator, 
a and a’ are the outer electrodes; 6 and b’ are radiation fins employed to maintain 
the electrodes cool; c and c’ are pieces of dielectric materials and d is the central 
or inner electrode. The high tension electric potential is supplied from the step-up 
transformer 7’, of which e and e’ are the primary supply wires; and f and f’ the sec- 
ondary wires carrying the high tension current to the generater. It will be noted 
that the outer electrodes are connected to the ground at G, thus the exposed parts 
of the generator are always of the same potential as the earth, and, in consequence, 
cannot impart an electric shock to any one handling the apparatus. The electric 
circuit through the generator is practically that of a condenser thrown across the 
line, offering a capacity resistance to the flow of the current. Now when such 
a circuit is energized, electric charges will be present on the surface of the electrodes 
and the current will flow from one electrode, through the dielectric, and across the 
air space to the other electrode. At any given instant the current flow may be 
regarded as constant, and there will be proceeding from the negative to the posi- 
tive electrode a stream of electrons and their passage through the gas space will 
serve to ionize a part of the gases contained in the field of discharge. This phe- 
nomenon is difficult to describe in a few words, and as much has been taken for 
granted no attempt will be made to explain how the current starts to flow in the first 
place. Fora moment consider the structure of anatom. At one time an atom was 
considered to be the smallest division of matter. If an atom were magnified many 
millions of times, however, we would see a system having a stationary nucleus 
around which infinite particles revolve in a high state of motion. These infinite 
particles are electrons, and are now considered to be the smallest possible division 
of matter. Ordinarily an atom is a system in perfect kinetic equilibrium, and its 
electrons disport themselves quite properly. But it is possible, by vibration, 
heat, light, or other forms of radiant energy, to drive off some of the elctrons from 
the atom, or attach other electrons thereto. Now the attachment of an electron to 
a gas molecule produces the ionization here referred to. But the effect of the elec- 
tron stream on oxygen is, according to Rideal,' three fold: 
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a. A splitting of the molecule into two neutral atoms by direct impact, 
O- <-> O + O 
It is thus that ozone is chiefly formed by ultra-violet light, 
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b. An ionization of the atom or molecule by impact, 

O. > O: +90 

Oo-0+86 
The positive molecules so formed may be atomic or consist of molecular clusters 
(as there is evidence extant of clusters up to Os). The atoms or molecules with one 
or two positive charges proceed in the reverse direction to the stream of electrons 
and by impact and combination with them, neutralization to atoms and mo- 
lecular groups is once more effected. 


O: + 20.= 0; 
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c. An ionization of the molecule or atom by impact and the adherence of an 
electron. 

The electron having spent most of its kinetic energy with which it left the 
dielectric, may, on contact with a neutral atom or molecule, not possess sufficient 
energy to detach a valency electron, but actually adhere to the system and form a 
negatively charged atom or molecule: 


O- + 8 = O’. 
0+860=0' 

Oppositely charged atoms and molecules may then react to form ozone: 
O. + O’ = 0; 


The theory just outlined is well confirmed in the work of Puschin and Kaucht- 
schev’, and is further confirmed by the work of Starke’ and the author.‘ 


Under the head of the production of ozone the external factors that have bearing 
on the efficiency of ozone production should be considered. The literature, espe- 
cially that dealing with actual experiments on the production of ozone, is profuse in 
its reference to the necessity of carefully conditioning the air from which ozone is 
to be made. Many experimentors describe the most eleborate measures for dry- 
ing and filtering the air served to their ozone generators, while none has been so 
careless as to neglect this factor entirely. There are several reasons why clean 
and reasonably dry air is essential to the best efficiency, constancy of output, and 
continuous operation of an ozonizer. Primarily, the brush discharge is very ener- 
getic in the precipitation of vapors and solid particles suspended in a gas, the 
mechanism of the precipitation being analogous to that of the Cottrell electro- 
static dust precipitator. If the air contains dust or water vapors, a large portion 
of each will be precipitated by the discharge and lodged either on the electrode 
or the dielectric, while such as escape precipitation will carry off electric charges, 
thus decreasing the ozone output of the generator. The presence of dust on an 
electrode or dielectric appreciably changes the character of the discharge and 
seriously interferes with the ozone production. These changes are brought about 
through the tendency for dust particles to accumulate charges and thus cause a 
concentration of energy into a very small area. This concentration of energy is pro- 
ductive of high temperatures and thus the dielectric properties of the dielectric 
material undergo a change and greater current is permitted to pass. With the 
addition of more current the temperature rises rapidly and greatly augments the 
conductance of the gas. With augmented conductance more current is allowed to 
flow and this condition, in its acute form, is productive of the high tension arc, 
which almost immediately degenerated into the hot, low tension arc, which, if 
allowed to persist, would destroy the generator. In its milder form the tempera- 
ture rise is not sufficient to rupture the dielectric, but is sufficient to exert an effect 
on the nitrogen contained in the air and oxides of nitrogen are produced. In the 
case of aqueous vapors the net result is the same but the mechanism is somewhat dif- 
ferent. The precipitated water accumulates charges and thus concentrates the 
energy in the same way as the dust. In addition, however, the water absorbs the 
oxides of nitrogen and an electrolyte of nitric acid is formed on the dielectric. This 
acts as though a third electrode had been added to the system, and dielectric 
rupture occurs much more rapidly than in the case of the dust particle. The change 
in the character of the discharge, brought about by the presence of water or dust 
on the dielectrics, is further productive of changes in the ozonizing power of the 
discharge. In consequence, a constant output cannot be obtained from an ozone 
generator, unless the air supplied it has been properly conditioned. It is not nec- 
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essary to have absolutely dry air, for apparently there is a limit to the vapor pre- 
cipitating power of the discharge. No ill effects are noted with air having a rela- 
tive humidity of 10 to 15 per cent at a dry bulb temperature of 70 deg. fahr. but 
even a very small amount of dust will effect the discharge, therefore, the air should 
be as clean as possible. The necessity of properly conditioned air is well illustrated 
by the charts, Figs. 2 and 3. 

Apparently there is no definite relation between ozone production, potential, and 
current density. The dielectric constant of the dielectric material, and the dis- 
tance between the electrodes of a given generator, determines its optimum poten- 
tial. When the air supplied the ozone generator has a constant water content, 
the ozone production is a definite function of the energy density. By the energy 
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Fic. 2. CHART OF PRODUCTION OF OZONE FROM UNCONDITIONED AIR 


density is meant the energy input to the ozonizer. This fact has been used in evolv- 
ing an ozone meter. 

Ozone equipment such as ours, using conditioned air only, the energy input 
can be measured with a wattmeter and by making a chemical determination 
of the ozone output over the entire range of the energy input, the scale of a watt- 
meter can be calibrated so that it will read in terms of ozone instead of watts. 
With such an instrument the most unskilled janitor can, at all times, know posi- 
tively just the amount of ozone that the apparatus is producing, and properly phase 
it with the amount of air that is being circulated. 

At concentrations above 1 gram of ozone per cubit meter of air the relation be- 
tween the amount of ozone produced and the velocity of the air through the ozonizer 
is shown in Fig. 4. At concentrations below 1 gram per cubic meter‘ little if any 
difference is noted in the total ozone yield with increasing air flow. Therefore, 
if the line in Fig. 4 was extended it would strike an equilibrium, possibly at the 
35 liter per minute mark. 
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The relation between the concentration of the ozone and the air velocity is shown 
in Fig. 5. From these two charts it will be noted that, as the air flow is increased 
the concentration declines, but the total amount of ozone produced is increased up 
to a point of equilibrium. A salesman of ozone equipment recently told the writer 
that the production of ozone was a straight line function of the air velocity through 
the generator, and that one of his units would supply the proper amount of ozone 
for 1000 cu. ft. of air per minute, but if the velocity through the unit was reduced 
to 500 cu. ft. per minute, the ozone would be proportionately reduced. Thus the 
same concentration would be supplied in both cases without altering the energy 
input. A definite concentration is certainly desired in ventilating work but the 
writer’s work shows that it cannot be obtained so simply. This is not an exclusive 
discovery, however, for the two charts that have just been shown can be found, 
in one form or another, in practically every book that even pretends to treat ozone 
production with any degree of thoroughness. Schénbein was aware of this fact in 
1850. 


Oxides of Nitrogen 


The oxides of nitrogen should not be present to any appreciable extent in ozone 
that is to be used for ventilation. The U.S. Bureau of Mines* gives the following 
data: 

Least amount to cause irritation: Nitric oxide, 62 parts per million 
parts of air, 101 parts per million parts of air, causing coughing; nitrogen 
peroxide the same. 

Slight symptoms after several hours exposure: Nitric oxide 39 parts 
per million parts of air; nitrogen peroxide the same. 

Dangerous in 30 to 60 min.: Nitric oxide 117-154 parts per million parts 
of air; nitrogen peroxide the same. 

Impossible to breathe for several minutes: Nitric oxide 775 parts per 
million parts of air; nitrogen peroxide the same. 

To say that it is impossible, with any type of ozonizer, to produce anything 
like the above quantities of oxide of nitrogen is by no means too broad a statement. 
In fact recent work on the determination of the oxides of nitrogen from ventilating 
ozonizers, conducted by the Bureau of Mines,’ demonstrated that none of the 
ozonizers tested produced oxides of nitrogen in more than negligible quantities. 
Our own ozonizers have never been found to produce oxides of nitrogen, calculated 
as nitrogen pentoxide, in a ratio greater than 1:100 of ozone, and to that extent 
only when operating under adverse conditions. Taking the highest concentration 
of ozone permissible in ventilating work, vis.: 0.1 parts per million parts of air, 
the concentration of nitrogen pentoxide would not exceed 0.001 parts per million 
parts of air. 

The best conditions for the production of the oxides of nitrogen with the corona 
discharge are obtained when an enclosed volume of air is worked with. In the 
production of ozone it is not practical to employ enclosed volumes. High tempera- 
tures do not necessarily cause the formation of oxides of nitrogen, but as high 
temperatures are frequently noted, when the oxides of nitrogen are formed in the 
greatest quantities, this is often cited as a cause. 

Some people adhere to the idea that the higher the voltage used, the greater the 
proportion of oxides of nitrogen formed. This is true above a definite limit for a 
given generator. The voltage used should be based on the air space between the 
electrodes and the dielectric constant of the dielectric material used. It should 
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be sufficiently high to yield an economical current density without causing too 
intense a discharge. If raised above that point, the discharge develops sparks and 
the production of the oxides of nitrogen is increased. The elevation of the voltage 
above a given point may increase the velocity of the electrons to such an extent as 
to afford them sufficient kinetic energy to activate nitrogen, which is not so good 
an electron trap as oxygen. 

In our work it has been found that by ozonizing at elevated air pressures we can 
practically inhibit the formation of the oxides of nitrogen.‘ When using elevated 
air pressures it is necessary to raise the voltage in order to obtain the same current 
density, developed at atmospheric pressure, since the dielectric properties of the 
gases are proportionate to the pressure. But the elevation of the voltage does 
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Fic. 3. CHART OF PRODUCTION OF OZONE FROM CONDITIONED AIR 


not, in this case, change the character of the brush, since the current remains the 
same. It is seen, therefore, that the voltage used is no criterion of the oxides of 
nitrogen production. With clean, and reasonably dry air supplied to a properly 
designed generator there is no reason to fear the formation of the oxides of nitrogen. 


Chemical Properties of Ozone 


Ozone has a molecular weight of 48, a density of 1.658 as compared with air 
and possesses a characteristic odor not unlike freshly cut cucumbers or watermelons. 
Chemically, ozone is an exceedingly active oxidizing agent. It attacks all of the 
metals excepting gold and some of the platinum group and is extremely active in 
the oxidation of organic substances. It will oxidize phenol to CO, and water and 
attack the benzene ring. Ozone is not so active a bleach as is generally supposed, 
however, it possesses strong bleaching powers. 
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Ozone reacts two ways: 

a. 0;+ M = MO+ 0, 

b. O; + R = RO; 

The latter way is exemplified in the oxidation of sulphur dioxide to sulphuric 

anhydride: 350, + 0; = 3S0; 
and we have also demonstrated that ozone reacts this way in the oxidation of organic 
matter during the purification of water. On the whole it may be said that the en- 
tire molecule of ozone is generally used in organic oxidations. 


Mechanical, or Artificial Ventilation 


Mechanical, or artificial ventilation has for its purpose the production in build- 
ings, etc., or an atmosphere that is most conducive to health and comfort. There 
are several factors that bear on the quality of a ventilating system, the most im- 
portant of them being temperature and humidity control, air movement, odors and 
air change. The elimination of dust is of economic significance and is advisable 
in the large industrial centers. 

It is not intended that this shall be a treatise on the art of heating and ventilating, 
but an effort will be made to clearly set forth the various factors of importance, so 
that my treatment, of some of these factors, may be clear of misunderstanding. The 
object in view is the setting forth of the value of ozone as an adjunct to ventilation. 


Each of the factors here considered represents a specific problem that requires 
specific treatment, and what may answer for one may be thoroughly inadequate for 
another. Ina word, there can be applied no panacea to cure all of the ills that ven- 
tilating system is subjected to, and it should be well understood that ozone is of 
value as a specific for the treatment of specific conditions. 


Temperature Control 


An adult in good health radiates, in the course of an hour, 500 B.t.u. of heat, and 
a proportionately smaller amount is radiated by children. Temperature control, 
therefore, resolves itself into the removal of body heat at times, and again the 
supplying of sufficient heat, that when added to the heat radiated by the occupants 
of the room just produces a temperature that is best suited to the character of the 
work indulged in by the occupants of the room. 


It is comparatively easy to maintain an unoccupied room at an even temperature, 
but when a room is subjected to variations in the number of occupants, or varying 
sources of leakage, etc., it is almost impossible to adequately control the tempera- 
ture unless the thermostat be used. 


An increase in temperature of the atmosphere of a room will produce a condition of 
pseudo-stuffiness, even when an adequate air supply is provided, and the relative hu- 
midity is maintained within the proper limits. This condition frequently attains in 
class rooms, auditoriums and offices where adequate temperature control is not pro- 
vided and is productive, or lassitude and mental fatigue on the part of the occupants. 


There is no substitute for temperature control, and, therefore, the thermostat is 
essential to all well-designed ventilating systems. Ozone has no effect on tempera- 
ture, nor would it be advisable to use ozone as a corrective for conditions of inade- 
quate temperature control. There is a definite relation between temperature, 
humidity and air movement, and the work of the Research Laboratory of the 
American Soctety or HEATING AND VENTILATING ENGINEERS is very illuminating 
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on this point, and the comfort line that they are now establishing should be care- 
fully considered, and made use of in the design of a ventilating and heating system. 


Humidity Control 


As there is a specific temperature at which we can perform a certain task with the 
greatest degree of comfort, so is there a specific relative humidity at which we feel 
more comfortable and are induced to breathe more properly. 


An excessive humidity is productive of depression and tends to render one less 
efficient in one’s work. On the other hand an atmosphere that is too dry is equally 
as harmful. Humidity control, while not practiced to the extent of temperature 
control, is very important and has a specific bearing on the comfort of man. 

The reason that humidity control is not practiced more than it is is due primarily 
to the fact that the humidity of a given climate is more apt to be constant, to a far 
greater degree, than the temperature, and, therefore, is not so much in the need of 
artificial control. The real reason perhaps lies in the prevalent use of thermometers. 
We are prone to judge climate by temperature alone. The hygroscope is little 
known to the laity, and we frequently suffer from the effects of humidity without 
knowing the cause of our discomfort. 

The proper relation between humidity, teraperature, and air movement, should 
be studied and properly phased if the maximum comfort is to be derived from hu- 
midity and temperature control. Ozone, per se has no effect on humidity, and 
should not be used as a curative for bad humidity conditions. 


Air Movement 


Air movement is very important, for without it much of the good that would 
ordinarily arise from an adequate air supply is lost. By air movement is meant 
the elimination of stagnant areas, or pockets, and the production of an air velocity 
not high enough to create a draft, but sufficient to break up the gaseous envelope 
that tends to surround one in stagnant air. This gaseous envelope is rich in 
effluvia from the body, and as most animal effluvia are very much heavier than 
air, these gases diffuse but slowly, and if not broken up by air movement, the 
occupants of the room will be forced to take in much foul air that could easily 
be avoided by providing good air movement. Without good air movement many of 
the ventilating measures are set at naught. Now ozone has a very decided effect on 
this evil, because it will oxidize, and thus destroy the gaseous products of the 
body and maintain the air free of odors and other contaminating substances. But 
I do not recommend ozone as a curative for bad air movement, simply because good 
air movement can be obtained by properly designing the ventilating system, with- 
out adding to its cost. Air movement is a matter of design rather than materials 
and if a ventilating system is adequate, it can be designed to give good air move- 
ment. To use ozone to correct bad air movement would be to use it to cover 
engineering faults, and such is not the true application of ozone. 

Odors 

Now comes a very important factor and one that has, so far, offered great diffi- 
culty in handling, especially where recirculation, or a curtailment of the air supply 
is desired during the winter months. The writer has frequently been asked, 
“What is an odor?” As this point is held in so much doubt, and is manifestly of 
such interest to ventilating engineers, I propose to devote some space to it here. 

Primarily, the differences, and confusion of opinions, held concerning the nature of 
an odor apparently arise from a misunderstanding of the popular statement that 
it is yet undecided whether the sense of smell depends upon a chemical or a phyiscal 
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process. It appears that some people misinterpret this reference to a physical 
process, and they are led to believe that the sense of smell is stimulated by energy 
emanations analogous to the radio active, or generally electrical in character. 
Those holding such views attempt to defend them by stating that a substance may 
give rise to prodigious quantities of odors without itself losing weight, and, there- 
fore, odor must arise from an emanation rather than a volatilization of the substance. 

Now it is well known among scientists that electrical and thermal stimuli do not 
give rise to olfactory sensations. Althaus states that electrical stimulation causes 
a sensation of the smell of phosphorus. Althaus’ statement is not confirmed in 
the literature and may be based on a sensation of taste. 


When the teeth have metallic fillings, and the body is charged with electricity, 
and electrolysis frequently occurs in the mouth and stimulates the taste bulbs. 
Taste is frequently associated with smell (7. e.) giving rise to a sensation of flavor 
and one sensation is commonly confused with the other. For instance, chloroform 
excites taste alone, but is frequently spoken of as the odor of chloroform, while 
garlic, asafoetida, and vanilla excite only smell, though it is customary to ascrib- 
ing a distinct taste to these substances. So it is seen that one must be careful 
when referring to these closely allied senses and should always attempt to differen- 
tiate between them. It must also be borne in mind that, in the early history of the 
electrical science, the odor always perceptible around electrical machinery was 
called an electric odor, and this odor is frequently described in the literature as 
resembling phosphorus. Now it is well known that this odor is due to ozone and 
the oxides of nitrogen produced by static leakage and sparking. 


It is generally conceded by physiologists that substance must be brought into 
direct contact with the rod cells of the olfactory membrane, in order thay it may 
excite odor. As the free olfactory surface is always covered with a fluid secretion 
it is essential that the odoriferous substance be soluble in this fluid, in order that it 
may reach the rod cells. Such a consideration at once points to a chemical process. 
However, Venturi, Prevost and Liegeois have studied the well-known movement 
of odoriferous particles such as camphor, succinic acid, etc., when placed on the 
surface of water, and they suggest that a similar movement of such particles on the 
fluid of the olfactory membrane may cause an irritation that excited smell, and thus 
the stimulation would be mechanical or physical in character. This is the basis 
of the physical theory, and a very inadequate basis too, since with such an hypothe- 
sis it is indeed hard to account for the ability of the sense to differentiate between 
odors, and altogether is more apt than sound. 


It has been pointed out that in order to stimulate the olfactory center, it is 
essential that the substance come into contact with the rod cells, also that these 
rod cells are protected by a fluid secretion. It is thought by some authorities that 
the odoriferous substance dissolves in the fluid and may exert a chemical effect 
that stimulates the sense of smell. This is the basis of the chemical theory, and 
since the sense of taste is considered to be stimulated through the solution of the 
sapid substances in the saliva, which in turn set up chemical action in the taste 
bulbs, it is reasonable to believe that the mechanism of smell is not very different, 
since the two senses are so closely allied. 


We are now concerned with the nature of odoriferous particles, and how they 
reach the olfactory membrane. These particles are usually gaseous, or in a condi- 
tion of vapor, and diffuse through the air, according to the well-known laws of 
gaseous diffusion. Non-volatile substances, or those having a very low vapor 
tension rarely excite smell, while the readily volatile substances such as iodine, 
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bromine, etc., always excite smell. All gases are not odoriferous, however, Sir 
William Ramsay has shown that the gases that possess a low molecular weight are 
odorless. Thus oxygen, hydrogen, nitrogen, etc., are odorless, while hydrogen 
sulphide, butane, etc., are distinctly odoriferous. This is well borne out in the 
paraffin series; methane (mol. wt. 16) has no odor; ethane (mol. wt. 30) has a 
slight odor, but it is not until butane (mol. wt. 58) is reached that a distinct sensa- 
tion is noticed. The alcohols further confirm this for vapors. Methyl alcohol is 
odorless, ethyl alcohol has but a very slight odor, while butal alcohol is distinctly 
odoriferous. 

Now if the sense of smell is stimulated by direct contact between the substance 
and the rod cells of the olfactory membrane an odoriferous substance must be 
volatile, yet if the substance apparently does not lose weight, but at the same time 
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gives rise to prodigious quantities of odor, how is this apparent discrepancy ac- 
counted for? 

To those unfamiliar with problems involving great effects from a very small 
amount of substance, it may seem astounding to say that a quantity of flucrescein, 
of the volume of 1 cu. in. is sufficient to color, to a distinct green, a body of water as 
large as our combined great lakes. This is true, however, and a consideration of 
it will assist in visualizing what is to follow. 


When odors are perceptible the substance is present in the air either as a gas, a 
vapor, or in a state of exceedingly fine division. An idea of the fineness of odorifer- 
ous particles may be gained by conveying air containing an odor to the nostrils 
through a tube packed with cotton wool. It will be found that the odor is still 
discernible, and such a tube is capable of filtering from the air microorganisms of 
less than 1/100,000 of an inch in diameter. 


A grain of musk will scent up an apartment for years without appreciable loss 
of weight. In fact, musk to an amount if two millionth of a milligram (1 milligram 
0.0154 grains), or one part of hydrogen sulphide in 1,000,000 parts of air, may be 
perceived by the sense of smell. The smell of mercaptan has been detected when 
the dilution was 1: 50,000,000,000, and it was calculated that the weight of mer- 
captan so detected was 1/400,000,000 of a milligram in 50 cc. of air (E. Fischer & 
Penzolalt). 
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From this it is seen that the sense of smell is exceedingly delicate, and with 
odors we are dealing with almost infinitely small quantities, therefore, the fact 
that a loss of weight is not detected can be ascribed only to our present crude 
methods of weighing. The foregoing considerations throw considerable light on 
odors in general, and indicate the necessity of specific measures for their elimina- 
tion in a ventilating system, since so small an amount of substance can cause so 
much odor. 

Before attempting the destruction of a substance one had best examine into 
its chemistry, in order to ascertain the reagent to which it is most susceptible. 
Since here the destruction must be carried out in the air breathed it is essential 
that the products of destruction be inoffensive and innocuous. 


T. Graham has conclusively shown that odoriferous substances are susceptible 
to oxidation. The term oxidation has a much broader meaning since the advent 
of physical chemistry, and it is used today to generally indicate a gain of valence. 
For an instance, a reaction between chlorine and copper to form cuprous 
chloride may be spoken of as an oxidation reaction, yet no oxygen has entered into 
the reaction at all. Generally, however, the older meaning is indicated by the 
term, and oxidation is the act of adding oxygen. It is in its older sense that it is 
used here. 


The addition of oxygen to a substance does not always mean rendering it in- 
nocuous. For example, a strong oxidation of allyl alcohol will yield the aldehyde 
acrolein, which is a very deadly gas, and in this case a much more objectionable 
substance is produced. This point is brought out simply to indicate the necessity 
of a careful consideration of any problem involving chemical reactions before at- 
tempting to apply reagents. To some, the terms oxidation and combustion 
are synonymous and interchangeable, but such is not the case, for the combustion 
of allyl alcohol is productive of acrolein. Recently the writer was approached 
for apparatus for the purpose of using ozone to oxidize a by-product in the form of 
an odoriferous gas, and the would-be purchasers of ozone equipment were inclined 
to resent our declining to make a sale. If this had been done, however, the use of 
ozone in this case would have made matters infinitely worse, for it would have pro- 
duced a toxic substance from what is now simply annoying. These remarks apply 
only to definite industrial odors, and do not include animal effluvia, or putrefactive 
gases of animal or vegetable tissue. Broadly; the oxidation of these gases is more 
in the nature of a combustion, since the final products are generally CO, and water. 


Putrefaction of animal and vegetable tissue is productive of such substances as 
the amino, aromatic, and fatty acids, indole, skatole, cresol, and also the alkaloid- 
like ptomaines, such as tetramethylene-diamine and pentamethylene-diamine, 
etc. The vapors given off from such substances cause the well-known odors of 
putrefaction. Of the substances mentioned those having an amino group contain 
nitrogen, while the remainder are hydrocarbons. The effect of ozone on the vapors 
of these substances has been studied and it is found that the effect is one of com- 
bustion: 1.e., the final products of the hydrocarbons being CO: and water and 
those containing nitrogen, nitrogen pentoxide in addition. 

In the air surrounding places where putrefaction is going on, or the air from sew- 
ers, etc., while highly odoriferous, contain but traces of these substances and the 
odors are easily and completely destroyed with ozone without the slightest harmful 
result. Ozone has been successfully used in San Francisco to deodorize the air of a 
sewage pumping station, which, without ozone, became highly odoriferous when 
the occasion arose to clean out the pump screens. Recently a rat died in an in- 














XUN 








Wiiha 


OZONE AND Its Use 1n VENTILATION, F. E. HARTMAN 271 


accessible wall of our office building, with the result that putrefaction at once 
began when air in several offices became unendurably odoriferous, but the 
application of ozone completely destroyed the odors, rendering them absolutely 
imperceptible. 

Ventilation in general, however, hardly extends to the odors of sewage and putre- 
faction, but is concerned more with the odors of animal effluvia. These gases are 
mostly hydrocarbons, together with hydrogen sulphide. The effect of ozone on 
these hydrocarbon gases is one of combustion, producing as final products, CO, and 
water vapors. Hydrogen sulphide is oxidized to sulphuric anhydride and water 
by ozone, and ozone has been used extensively for eliminating H.S from potable 
waters. The amount of H.S thrown off by the human body is infinitesimally small 
so the amount of resulting sulphuric anhydride is negligible. 

It has been said that the deodorizing effect of ozone is one of masking rather 
than destroying. The writer hardly thinks that such a statement can stand in the 
light of chemical inquiry, and the foregoing remarks quite conclusively establish 
its action as that of oxidation, which in the case means the same destruction as 
would be obtained by combustion. The only objection that can be raised is a ques- 
tioning of the ability of ozone to react almost instantaneously at normal tempera- 
tures. This question the writer feels is amply answered by the work of numerous 
investigators into the purification of water with ozone. The organic matter in 
surface water is related to the types of organic substances treated here, and by actual 
chemical analysis it has been demonstrated that ozone will destroy this organic 
matter at the temperatures of surface waters. Further, the data that have been 
given here are based on actual experiment, and are not simply theorizing. Ina re- 
cent conversation with an eminent ventilating engineer, he told me that he placed 
odors on the third position of importance, in a list of the vital factors effecting ven- 
tilation. I believe that we all realize the importance of this factor, and I believe 
that the ventilating engineer will welcome the use of ozone as a specific measure 
for the treatment of this evil. What the ventilating engineer has been waiting 
for is a means of quantitatively applying ozone, so that this treatment will be sus- 
ceptible to visible control, rather than contingent upon the whims of nature, with 
the final results surrounded with mystery, being more psychological in its virtue than 
actual. 


Physiological Effects of Ozone 


In sufficient concentrations (say 15 p.p.m.) ozone is an exceedingly active respira- 
tory irritant, and further attacks the mucous membranes of the eyes, nose and bucal 
cavities. 

In low concentrations it is specifically remedial for chronic anemia, since small 
quantities of ozone increases the haemoglobin, or red corpuscle of the blood. It 
has been used in England with signal success for this purpose. Some exploiters 
of ozone have claimed a stimulating effect, and the purport-of their remarks is that 
ozone is a great imparter of “pep,” if I may use the word. My own belief is that 
stimulants are not good things, except in cases of acute illness. Although such a 
statement does not necessarily line me on the side of Mr. Volstead. Stimulation is 
always productive of reaction, and the reaction usually sets us back further than we 
were before the use of the stimulant. 

It is well known that ozone is a natural constituent of naturally pure air. It is 
found in relatively large quantities near water falls, large bodies of water such as 
the Great Lakes, and the ocean, some excellent, and yet disproven claims, have 














272 TRANSACTIONS AMERICAN SociETY OF HEATING AND VENTILATING ENGINEERS 


been advanced that ozone is a product of plant life, and it is known that nature pro- 
vided the green leaf pigment to keep our air pure, and it is also formed by the action 
of sunlight on snow. The Swiss Alps are famous for ozone. Such places are well- 
known health resorts, and I do not believe that nature would resort to the adminis- 
tration of stimulants. 

Ozone would be universally present in the air were it not for the congested cities 
that civilization has produced. The impurities of city air are so extensive as to use 
up naturally occurring ozone faster than it can be supplied, just the same way 
that our cities contaminate our water ways faster than nature can purify them. 
We never question the purification of water for this need is obvious to even the 
most uninformed. Then, is it not logical to purify our air by adding to it that 
substance which we demand faster than nature can supply? It is harder to ascer- 
tain the effect of impure air than it is to ascertain the effect of impure water. In 
this first place the impurities in air are so small that analytical methods have 
to be exceedingly refined; secondly, observations need to be made over a much. 
longer period of time. Yet, simply because such contamination is elusive in de- 
tection, it does not follow that it is negligible in effect. 

To return to the stimulating effect of ozone. The word stimulation has been used 
more for its aptness than its accuracy in describing the condition attained. Per- 
sonally, I do not believe that ozone, per se, is stimulating, but I do believe that it 
is remedial, and has a specific value in the atmosphere that we breathe. I believe 
that the function of ozone is that of a scavenger, it keeps our air pure so that we will 
involuntarily breathe properly. Of all the automatic mechanism that modern 
genius and experiment have devised, there is nothing mechanical that any way 
near approaches the delicacy of the automatic control of the human body. The 
rapidity with which the pores of the skin respond to even minute changes in tempera- 
ture has never been rivaled by the thermocouples or expanding gases or liquids. 

As we pass from a warmer to a cooler atmosphere our skin automatically con- 
tracts so as to afford its maximum protection. A study of gland secretions is 
very illuminative of the extent of the automatic function of the body. This 
automatic control extends to our respirations. When the air contains even minute 
and practically imperceptible quantities of disagreeable odors, we involuntarily 
shorten our breathing, and though rate of respiration may increase under such 
conditions, the total volume of oxygen taken into our lungs is appreciably dimin- 
ished. Our respiratory system has a definite, and important work to perform. 
All mental and physical exercise is accompanied by a destruction of tissue. As a 
result of this destroyed tissue impurities occur throughout the body, and if they are 
allowed to accumulate autointoxication will result. One of the functions of the 
blood is the elimination of this class of impurities from the system. Haemoglobin, 
which is the active red blood principal of the blood, serves as an oxygen carrier. 
In the iungs the haemoglobin comes into contact with the oxygen contained in the 
air that we breathe. This oxygen chemically unites with the haemoglobin forming 
oxyhaemoglobin and is carried throughout the body by the circulation of the blood. 
Through the capillaries the oxyhaemoglobin comes in contact with the destroyed 
tissue, and effects its combustion through ceding its oxygen content. The re- 
sulting gases of the combustion, such as water vapors, COs, nitrous oxide, etc., in 
turn unite with the haemoglobin and are conveyed back to the lungs, where they are 
given up and expelled from the body in exhaled respired air. This cycle of events 
is continuous. 

Now is it seen that the amount of oxygen that can be conveyed throughout our 
body is contingent upon the amount of aeration that our blood receives. If 
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foul air causes us to decrease the amount of air taken into our lungs it naturally 
follows that our blood will receive insufficient aeration, and, in consequence, impuri- 
ties will remain in our system to cause autointoxication. Intoxication of this 
character is conducive to anemia, as the amount of haemoglobin will ultimately 
be decreased. Its immediate effects are headaches, and general lassitude that 
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inhibits a free exercise of the mental faculties, and is further productive of physical 
fatigue. 

Now, in well occupied rooms, such as the class rooms of schools, auditoriums, 
theatres, and large loft-like offices, it is indeed difficult to so design a ventilating 
system as to provide an unfailingly good air movement in every part of the room. 
The design of the system may not be at fault, and for an empty room may operate 
at a maximum efficiency. But I have observed that after a new building is occu- 
pied there is a tendency to accumulate furniture and fixtures, or relocate them. 
This is almost invariably done with no regard to the ventilating system, and it 
frequently occurs that unforseen resistances are set up tiat entirely change the 
character of the air movement. Body effluvia are much heavier than the gases of 
the atmosphere, hence the diffusion of them is slow. Unless the air movement is 
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uniformly good an envelope of these gases is apt to form around a person, and thus 
he is forced to take in air that is more foul than the actual atmosphere of the 
room. 

Minute traces of ozone in the air will serve to destroy these gases and break up 
this envelope. In this way the air is maintained in a pure condition, and in conse- 
quence, is at all times conducive to correct breathing. Correct breathing means 
well aerated blood, and well aerated blood will properly eliminate the impurities 
from the system and prevent autointoxication. Therefore, to sum up the case, 
ozone is a purifier and not a stimulant. Its use simply reestablishes a natural 
condition, and is not, therefore, a ready cure or stimulant in the strict therapeutic 
sense of the word. 

A theory has been advanced that the presence of minute quantities of ozone in 
the air actually in the lungs is effective in reducing the partial pressure of the noxious 
gases in the lungs, and thus causing the blood to give up its impure gases more 
readily. This effect would be productive of two results. (a) A greater aeration; 
(b) An oxidation of the foul gases, in situ, so as to keep them from entering the at- 
mosphere at all. The first result may account for the marked increase of oxy- 
haemoglobin that ozone produces in anemic persons. 


Air Change and Recirculation 


Air change involves the removal of definite quantities of air from room and 
- replacing it with fresh air from the outside. This would be essential to avoid 
vitiation if a house was hermetically sealed. Vitiation, in so far as the carbon 
dioxide is concerned, is, under usual conditions, automatically taken care of through 
leakage, and this factor is better understood today than at former times. Air 
change is generally calculated to keep the air fresh and free from obnoxious gases 
and odors. Air changes and recirculation are so closely allied that a consideration 
of recirculation naturally involves a consideration of air change. Experiments 
that have been conducted on more or less extended scales all show that the recircula- 
tion of at least 75 per cent of the air used in ventilating a building can be accom- 
plished without fear of increasing the CO, content to anything like a dangerous 
quantity. The only difficulty experienced in recirculation arises from the presence 
of odors in the recirculated air. When provisions are made for removing the odors, 
up to 75 per cent of the air can be recirculated without impairing its quality as 
tested by the Synthetic Air Chart. Ability to recirculate air is of great economic 
significance, as at least 50 per cent of the fuel required in heating can be saved. 
This is indeed a considerable item, as the present day condition of our fuel supply 
not only demands a conservation, but the prices asked necessitate economic mea- 
sures wherever practical. 

Ozone has practically demonstrated its value in recirculation as it accomplished 
the destruction of odors with great facility. 

When ozone is used for recirculation in new installations, the saving in vento 
will pay for the ozone equipment. The saving in fuel is an annual saving, and 
pays a very handsome dividend on the investment. The care and expense of a 
properly designed ozonizer are negligible. 


Quantitative Application of Ozone 


The writer has endeavored to point out the value of ozone in artificial ventilating. 
In recapitulation, it may be said the ozone is of great value in maintaining the air 
free from odors or organic gases that are foreign to naturally pure air. In doing 
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this ozone changes the air of the ventilating system into a condition as pure, in this 
respect, as the purest air of nature. That this is the desideratum of a ventilating 
system goes without saying, therefore, ozone supplies that element to the air that is 
essential to artificial ventilating, if a true simulation of nature is to be attained. 
Further, ozone has a great economic significance, in that it will permit of a recircula- 
tion of the major portion of air supplied the ventilating system and actually provide 
an improved air when so employed. 


Ozone certainly behooves the careful investigation of all charged with the care 
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and administration of buildings, and this particularly applies to schools, and other 
public properties. 

If unfailingly good results are to be obtained with the use of ozone, it should be 
applied quantitatively. In order to do this, it is necessary that the production of 
the ozone be at all times under definite control of the operator, and the character 
of this control needs be very simple, since the average ventilating ozonizer will be 
entrusted to unskilled hands. 

There has recently been developed a means of ozone control, the operation of 
which involves no greater technique than the turning of a rheostat and reading an 
indicating instrument. There is no satisfactory physical method for the determi- 
nation of ozone by direct methods. Otto’s barograph serves very well in skilled 
hands, but is impractical for use in ventilation. The chemical methods of deter- 
mining ozone, even the roughest field methods, are too time consuming to offer 
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practical means of commercial control. In my remarks on the production of ozone, 
I have referred to the external factors that bear on the output of an ozonizer. You 
will recall that dust and water vapors in the air to be ozonized are productive of 
erratic results. ‘Temperature, over the normal indoor range, has but little effect. 
I have also pointed out that when the air to be ozonized has a relative humidity of 
15 per cent or less, and is further free from dust, the output of ozone is a function 
of the energy input. Therefore, when these conditions are attained a measure of 
the energy is a measure of the ozone. It is obvious that we cannot reduce all of 
the air of the ventilating system to a R. H. of 15 per cent at any temperature, nor is 
the usual run of washed or filtered air sufficiently free from dust for ozonizing pur- 
poses. Therefore, it is obvious that the ordinary air of the ventilating system can- 
not be used for ozonizing, if quantitative results are to be obtained. 

Our experience with ozone has been largely drawn from its application to the 
purification of water and the industrial chemical arts. In consequence, we have 
always worked with the view of producing ozone in definite quantities. This is 
not at all difficult to do with properly conditioned air, and a means of controlling 
the energy input. Instead, therefore, of placing units directly in the path of the 
air in the ducts, and attempting to produce ozone in concentrations just sufficient 
for ventilating purposes the ozone is produced in totally enclosed generators 
that utilize only a very small quantity of air for producing relatively high concen- 
trations of ozone, and this is subsequently introduced into the fan inlet, in the 
proper quantities to produce the desired concentration in the circulated air. To 
give some idea of the small quantity of air required by the generators it is necessary 
to supply only 4 cu. ft. of air per minute in order to produce an ozone concentration 
of 0.1 part of ozone per million parts of air in 100,000 cu. ft. per minute of the cir- 
culated air. It is seen, therefore, that the question of properly conditioning the air 
for the ozone generators is not a difficult one, and its cost is negligible. Fig. 6, 
illustrates the ozone equipment necessary for producing a maximum ozone concen- 
tration of 0.1 part of ozone per million parts of air in 100,000 cu. ft. of air per minute. 
The motored blower shown in the iilustration supplies the air to two dehydrators and 
cotton filters, and thence to the ozone generators. By thus properly conditioning 
the air to be ozonized, we can use a wattmeter calibrated in the terms of ozone for 
indicating the concentration produced at any given energy input. The energy in- 
put is controlled by a rheostat. Where the fans are operated at variable speeds we 
mark in red, on the scale of the ozone meter, the quantity of ozone to use with each 
of the fan speeds, and the operator has but to turn the rheostat until the meter 
indicates the proper quantity of ozone. When push button stations are used for 
definite fan speeds, we can phase our rheostat with the fan motor so that it is simply 
necessary to press the push button in order to operate both the fan and the ozonizer. 
The ozonizer will thus automatically cut on the proper quantity of ozone. 
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PERFORMANCE OF A WARM-AIR FURNACE WITH 
ANTHRACITE AND BITUMINOUS COAL 


By A. P. Kratz,! Ursana, Ibu. 


NON-MEMBER 


HE tests reported in this paper were selected from the tests included in the 

general investigation of warm-air furnaces which is being conducted by the 

Engineering Experiment Station at the University of Illinois under a coopera- 
tive agreement with the National Warm-Air Heating and Ventilating Association. 
This investigation is being conducted under the general direction of A. C. Willard, 
professor of heating and ventilation, and head of the department of Mechanical 
Engineering. 


Description of the Plant 


The plant used for these tests is shown in Figs. 1 and 2, and consisted of a cast- 
iron circular-radiator type of furnace erected under a three story steel structure in 
the Mechanical Engineering Laboratory. This structure served as the working 
skeleton of a house, and carried the stacks and registers for the various floors. 
Such an arrangement permits the furnace to be operated under its own motive 
head, thus simulating conditions in a typical house installation in which recirculated 
air is used. All essential dimensions are shown in Figs. 1 and 2. A two-piece 
unslotted pot was used for all tests on anthracite coal, and a one-piece slotted pot 
for the tests on bituminous coal. For one of these tests the slots were sealed with 
fireclay. 


Object of Tests 


: 
t 


The tests were run with two objects in view: 
1. To compare the performance of the same furnace operating with 
anthracite and bituminous coal. 
* 2. To determine the effect of the use of a slotted firepot on the operation 
with bituminous coal. 


Method of Testing 


All temperature measurements were made by means of thermocouples and a 
potentiometer. The thermocouples were calibrated in place. The volume of air 
1 Research Professor of Mechanical Engineering, University of Illinois, 
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Fic. 1. SecTIONAL ELEVATION OF THE PiPED FURNACE TEST PLANT 
flowing was measured with an anemometer located at the center of the recirculating 
duct as shown in Fig. 2. The anemometer was calibrated by placing it in a similar 
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duct connected to the suction side of a fan by a 10-in. round duct, and comparing 
its readings with the readings taken with Pitot tube in the 10-in. duct. The drafts 


were measured by means of a recording draft gage connected differentially between 
the ashpit and the smoke outlet. 
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Fic. 2. PLAN AND ELEVATION OF THE FURNACE AND RECIRCULATING Duct 


For the tests on anthracite coal, the fire was started on clean grates using a charge | 
of wood equal to 10 per cent of the coal charge required. A full charge consisting 
of sufficient coal to fill the firepot to the level of the bottom of the feed neck was 
used. The wood was allowed to burn for 10 min., and then the coal charge was 
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divided into three or four lots and fired so that the total charge was in the furnace 
by the end of the first hour of the test. The fire received no further attention until 
the close of the test. When about 80 per cent of the fuel had been burned the fire 
was quenched. The residue was dried and weighed and then reduced to terms of 
equivalent coal. The latter was subtracted from the weight of the original coal 
charge in order to obtain the weight of coal burned. The dampers were auto- 
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Fic. 3. PERFORMANCE CURVES OF FURNACE FIRED WITH 
Two Types oF CoaL 


matically controlled so that a constant temperature of the air at the bonnet was 
maintained throughout the test. 

In the case of bituminous coal, it was not feasible to fire the entire charge within 
the first hour of the test. Small charges of fuel were fired at approximately regular 
intervals, depending on the rate of combustion, and the fire was leveled between 
firings when the flue gas analyses indicated that holes had developed in the 
fuel bed causing an increase in the amount of excess air. Very little auxiliary 
air was admitted through the damper in the fire door, and the surface of the 
fuel bed was never allowed to burn appreciably lower than the tops of the 
slots in the firepot. The furnace was fired over a preliminary period of several 
hours before the start of a test, and conditions were maintained the same, as 
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those required for the test. At the start of the test, the condition of the fuel bed 
was noted and the ashpit cleaned, and the test was closed with the fuel in as 
nearly the same condition as possible. A test period of approximately 36 
hours was required in order to reduce the error in estimating the conditions of 
the fuel bed within a negligible percentage of the total fuel burned. At the close 
of the test the ash and refuse in the ashpit were removed, weighed and analyzed. 
From the weight and chemical analyses, the coal equivalent was calculated for 
the ash and refuse, and this was then subtracted from the weight of coal fired. 
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Fic. 4. "TEMPERATURE OF THE HEATING SURFACES FOR THE 
FuRNACE WHEN BURNING ANTHRACITE COAL 
The. chemical analyses of the coal, and of the ash and refuse are presented in 
Table 1. 


Results and Conclusions 


Performance curves for the furnace fired with two types of coal are shown in Fig. 3. 
From these curves it appears that: 


1. Within practical combustion rates the anthracite coal gave higher 


efficiency and capacity (based on rise in the temperature of the air from 
inlet to bonnet) than the bituminous coal for the same combustion rate. 
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At combustion rates that are excessive for warm-air furnace practice, 
however, the reverse was true. 

2. In the case of the bituminous coal, the efficiency was more nearly 
constant over the whole range of combustion rates than it was for the 
anthracite coal. 

3. At a given combustion rate, more draft between the ashpit and 
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Fic. 5. TEMPERATURE OF THE HEATING SURFACES FOR THE 
FuRNACE WHEN BuRNING BiTuMINOUS COAL 


smoke outlet was required to operate the furnace on anthracite coal than 
on bituminous coal. 

4. With bituminous coal, as fired under the conditions of the tests, the 
slotted firepot gave about 9 per cent greater efficiency and capacity than the 
firepot with the slots sealed. 

The temperature of the heating surfaces of the furnace when fired with anthra- 
cite and bituminous coals, respectively are shown in Figs. 4 and 5. These curves 
indicate that the firepot temperatures increase with an increase in combustion 
rate for the anthracite coal, while the reverse is true for the bituminous coal. This 
decrease in temperature indicates that the higher drafts required to produce the 
higher combustion rates cause an increase in the amount of air drawn through the 
slots, and result in cooling the firepot. The temperature of the firepot was uni- 
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TABLE 1. CHEMICAL ANALYSES OF COALS AND ASH AND REFUSE 


Proximate Analysis of Coal as Fired Anthracite Bituminous 
ECE TT EE eT Cree 78.98 45.01 
I NE OI 63 sn nic ces edidecmenaecewce 6.19 36.79 
a's 2. 5, ons a alec eileen oli alcae eae 1.44 6.40 
I ia poh as 0 mh kk Ree bd ae hoo ao a 13 .39 11.80 
Calorific value by oxygen calorimeter, B.t.u. per lb...... 12,790 11,687 

Ultimate Analysis of Coal as Fired 
TIT OLE OORT PE EOP 79 .50 64 .69 
I i osc kcs een cards ceaane-sasieet 2.43 4.27 
I sss ccs aval sa eew chao cicidiac'oies 1.68 7.00 
I IS 56-5. 65k se slneadcseienbnareeean 0.75 1.57 
RE Er rere 0.81 4.27 
I ED Gan, WO COME no ing ok cc ick Keedinn es 1.44 6.40 
ks 5 occ a Sa ods Seana eosctemmeuieetaewaes 13 .39 11.80 

Analysis of Dry Ash and Refuse Test Test Test Test 

or Tests on Bituminous Coal 98 99 100 101 
I I ois oi nso dc ends cae ae 5.47 6.07 7.58 5.71 
Earthy matter, per cent....................... 94.58 93.93 92.42 94.29 
Calorsie value, B.t.a. per fh... ........66. csccnces 799 886 1106 934 


Notr.—Anthracite coal all stove size. Bituminous coal run of mine, lumps broken to stove size. 


formly lower for the bituminous coal than for the anthracite coal. The firepot 
temperature was also materially lower for the slotted firepot than for the one with 
the slots sealed. The fact that the temperature of the combustion dome was greater 
for the bituminous coal, indicates that more combustion took place above the bi- 
tuminous coal fuel bed than above the anthracite bed. On the other hand, the 
radiator temperatures seem to indicate that the combustion in the case of the 
bituminous coal was more retarded in the radiator, and that probably the loss due to 
combustible in the flue gas was greater than it was for the anthracite coal. 

Accumulations of soot in the radiator in the bituminous coal tests amounted to 
about 1'/; lb. at low combustion rates and were negligible at high rates. At low 
rates, the soot collected on the inner surface of the radiator to a depth of about 
3/,in. while at high rates the surface remained practically free from soot. 
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SELECTING WALL STACKS SCIENTIFICALLY FOR 
GRAVITY WARM AIR HEATING SYSTEMS 


By V. 8. Day,! Urnsana, It. 


NON-MEMBER 


Selecting Wall Stacks 


N a well-designed gravity warm-air heating system careful consideration must 
be given to the selection of proper wall stack sizes as well as to the selection of 
horizontal leader cr basement pipe sizes. It is more essential that care be used 

in the selection of wall stacks than of leader pipes because leader pipes may be 
made greater in area than the stacks which they supply, but for obvious reasons the 
stacks cannot be increased in size at will, and must therefore be the controlling ele- 
ment in the planning of a correct heating system. 

It has been shown by tests? that there is little to be gained by making the ratio 
of stack area to leader area exceed 0.75. On the other hand emphasis has been 
placed by heating engineers upon leader area rather than stack area. A more 
logical method of design would be based on the selection of the controlling element 
in the system of the stacks. 

There are ample data for the design of stack sizes, based on values determined 
experimentally in the research of the National Warm Air Heating and Ventilating 
Association at the University of Illinois. In one phase of this research the heat- 
ing characteristics of a number of stack sizes were experimentally determined.* 

From these experimental results there have been plotted, by the interpolation 
between experimental curves, the curves of Fig. 1, showing the heating effect ob- 
tainable at the registers for a variety of stack areas and register air temperatures. 
The curves are plotted against register air temperature because that temperature is 
a fundamental starting point in the design of the system. It bears a definite 
relation to the velocity of flow in the stacks and pipes, and to the efficiency and ca- 
pacity of the heater, and it is the physical factor which distinguishes between a well 
designed warm-air system and a poorly designed hot-air system. Moreover, it 
is a convenient basis upon which to design. 

Fig. 1 may be easily and effectively applied in the selection of wall stack sizes. 





1 Research Assistant Professor, University of Illinois. 
? Bul. 141, Engineering Experiment Station, University of Illinois, Jour, A.S.H.&V.E., July 
1923, p. 407. 
os Jour, A.S.H.&V.E., July 1923, p. 407; also Bul. 141, Engineering Experiment Station University 
of Illinois. 
Presented at the Semi-Annual Meeting of the American Society OF HEATING AND VENTILATING 
Encineers, Kansas City, Mo., June 1924. 
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The calculation of the heat requirement of rooms is a matter well known and used by 
the heating profession. The register temperature is predetermined, and from the 
curves of Fig. 1 the cross-sectional area of the stack which will convey the required 
amount of heated air at the proper register air temperature may be selected. Con- 
versely, if the size of stack is predetermined, the heating effect available may be read 
from the curve, or again, if the size of the stack is fixed and the heating requirement 
known, the necessary register air temperature may be read from the curve. 
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Fic. 1. RELATION BETWEEN REGISTER AIR TEMPERATURE, 
Strack AREA AND HEATING EFFECT AT REGISTER 


For example, a room having a calculated heating requirement of 10,000 B.t.u 
per hour may be heated, at 170 deg. fahr. at the register, by a stack 45 sq. in. in 
area. If a register air temperature of 150 deg. fahr. is used, the stack must be 65 
sq. in. in area, or if the stack may not exceed 35 sq. in. in area, the register tempera- 
ture must be 188 deg. fahr. Thus a given heating effect may be delivered in large 
pipe at a low register temperature, and in a small pipe at a high register temperature. 


Selecting Register Air Temperature 


It becomes important to know, therefore, the considerations affecting the selec- 
tion of register air temperature. Apparently any register air temperature between 
the limits of 120 deg. and 220 deg. which have been the limits found in tests, could 
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be used as a basis for designing a heating system. This is theoretically true, but a 
simple calculation will show that as the temperature is decreased the volume of 
heated air necessary to make up the heating requirement is considerably increased 
and simultaneously the velocity of flow is decreased by the reduction in motive 
head in the system caused by the reduced temperature differential between warm 
and cold sides of the system. The pipe size must be proportionally increased 
for both factors. (The curves of Fig. 1 account for both the volume and velocity 
changes, being experimentally determined.) It is evident, therefore, that the 
register temperature selected as a basis for design must not be so low as to require 
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Fic. 2. RELATION BETWEEN STACK AREA, MEAN 
VELociTty oF Flow IN STACK, AND REGISTER AIR 
TEMPERATURE 


very large and impractical pipe sizes nor so high as to give high discharge velocity 
with its accompanying high ceiling temperatures. The temperature at the register 
must be a reasonable one. 


Velocity in Stacks 


Fig. 2 has been prepared to show the velocities of flow actually obtaining in the 
stacks of gravity warm air furnace installations. The chart shows the relation 
between register air temperature stack cross-sectional area and mean velocity of 
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flow in the stacks. The velocities of flow were calculated from the same experi- 
mental data as were the values in Fig. 1. 

With Fig. 2 the actual amount of the changes in velocity occurring in stacks due 
to changes in temperature may be determined. In the foregoing example, a register 
air temperature of 170 deg. fahr. and a stack 45 sq. in. in area were mentioned. 
Fig. 2 shows the velocity to be 381 ft. per minute. If, as before the temperature 
was changed to 150 deg., the stack area would become 65 sq. in. and Fig. 2 shows the 
new velocity in the stack to be 295 ft. per minute. Thus it is evident that reducing 
the register air temperature 20 deg. would bring about a reduction in velocity of 
86 ft. per minute, or 23 per cent. 

A good designer may use standardized formulae for the design and calculation of 
wall stack and pipe size, but as a check in the case of special rooms he will calculate 
the velocity of flow in the pipes to be sure that the amount of air required to make 
good the heat losses from the room will not necessitate velocities of flow which are 
not obtainable or practical. Fig. 2, the velocity chart, will be especially useful for 
this purpose because it shows the velocities obtainable with given stack areas and 
register air temperatures. 


Calculating Velocities in Stack 


The velocity of air flow in the stack required to make good the heat losses from 
the room may be calculated from the following: 





10H ica , 
; V "7575 ( — 70) = velocity in ft. per min. 
in which H = heating requirement of room, in B.t.u. per hr. 
A = area of stack in square inches. 
d, = density of the warm air. 
(tt — 70) = difference in temperature between register and normal room 


temperature. 


This expression gives values of velocity of flow at the register slightly lower than 
the mean velocity of flow in the stack, the difference being on the side of safety. 

The application is as follows: If, as before, the heat requirement H is 10,000 
B.t.u. per hour, and register temperature 170 deg. fahr. and the stack area 35 sq. 
in., the velocity is 


10 X 10,000 
35 X 0.0610 X 100 





= 470 ft. per min. 


Reference to Fig. 2 will show that 405 is the velocity corresponding to 170 deg. 
for this size stack and a change must be made as the velocity required exceeds the 
velocity obtainable. If the stack area is fixed the temperature must be increased. 
If 180 deg. is assumed, the velocity calculated will be 430 which is in agreement with 
the value shown in Fig. 2 at 180 deg. fahr. On the other hand, if the register air 
temperature is fixed at 170 deg. fahr., the stack size should be increased. If 45 sq. 
in. is assumed, the velocity calculated will be 365 and Fig. 2 shows that the stack 
is capable of developing a velocity of 380 ft. per minute. 
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It is important to notice in Fig. 2 that higher velocities of flow may be obtained 


in small stacks at low temperatures than can be obtained in large stacks at much 
higher temperatures. 

The careful designer of gravity warm air heating systems will find Fig. 1 of ex- 
ceedingly great value in the direct determination of stack sizes, and Fig. 2 will 
be useful to him in the determination of the stack velocities. Both size and velocity 
are shown to be fundamentally dependent upon register air temperature which 
must, therefore, be the basis of design in gravity warm air heating conductors. 
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No. 701 


PRACTICAL APPLICATIONS OF THE 
HEAT FLOW METER 


By P. Nicuouts,' PirrspureH, Pa. 


MEMBER 


HE object of this paper is to give the results of the application of the Heat 
Flow Meter described in the January, 1924, JouRNAL oF THE AMERICAN 
Socrety or HeatinG AND VENTILATING ENGINEERS for determining the 
thermal constants of certain building structures. As outlined in the previous 
paper, the readings of the meter at any moment give the rate of heat flow through 
it at that instance. Placing one on a surface therefore gives the rate of flow into 
it, and by taking such records over a period of time the total and average flows 
are known. If in addition the necessary temperature measurements are made, 
the thermal conductivity can be determined, as well as the surface coefficients, 
provided all the heat measured as entering the wall has also passed out, and pro- 
vided the wall has the same temperature distribution through it at the start aud 
finish. As far as temperatures could be measured at various depths of the wall 
such limitations would not necessarily be required, but such a procedure is not 
usually practicable. 

Under the varying in and outside temperature conditions that exist naturally, 
it is therefore necessary to make the observations continuously over a sufficiently 
long time that any change in heat content of the wall itself may be negligible, and 
also preferable to cover a cycle of temperature changes such that they are nearly 
the same at the beginning and end of the test. In addition a rough correction can 
be made for any difference in the heat content of the wall. Heavy walls have a 
large heat storage capacity. For instance a 24 in. concrete wall stores up in it for 
1 deg. fahr. rise as much heat as passes through it in six hours under winter condi- 
tions. 


_ The time required for a test depends mainly on the weather. In a district where 
it is uniformly cold and the wall reaches approximately constant conditions it can 
be shortened, but where it is variable and the wall is heavy, it must be run con- 
tinously for a considerable time. It also depends on the constancy of the inside 
temperature if the meter be on that side of the wall, since any small change at once 
alters the rate of heat flow, whereas an outside change will not be reflected through 
for some time and will be ironed out by its heat capacity. 


1 Research Head, A. S. H. & V. E. Research Laboratory. 

Copyright, 1924, AMERICAN SocrETY OF HEATING AND VENTILATING ENGINEERS. . 

Presented at the Semi-Annual Meeting of the AMERICAN SociETy OF HEATING AND VaNTILATING 
ENGINEERS, Kansas City, Mo., June 1924. 
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It is further evident that in the averaging out of heat flows and temperature 
for a period it is easier to get a true average when the values are large, and that 
though tests could be carried out during mild weather, yet the test must then be 
longer. The short period of the comparatively mild winter just passed was there- 
fore used to test a variety of different constructions rather than continuously 
following up one as would be the better plan. All those tested were parts of the 
buildings of the U. 8. Bureau of Mines at Pittsburgh, which offered a fair variety. 
These buildings were erected about 1916, and therefore are sufficiently old to have 
reached a permanent condition. 

The method of making the tests was practically the same for all, both in the set 
up and temperature observations. The meter plate was on the hot side of the wall 
and puttied around the edges to prevent any air circulation between the surfaces. 
‘The temperatures taken are shown in Fig. 1, and for each location there were 
from three to five thermocouples in parallel so as to get an average. In addition 
each of the individual couples could be read if desired so as to note the variations 
for any one set of readings. Also the reading between two sets of thermo-junctions, 
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Fic. 1. ARRANGEMENT OF 
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such as 7’, and 7',, could be obtained directly. The thermo-junctions for 7,’ were 
distributed around the plate, giving the average natural wall temperature. The 
air temperatures were taken five inches from the wall faces. 

The observed heat flow through the plate is indicated by H. The corresponding 
flow H’ which occurs through the natural wall will be slightly larger than this due 
to the thermal resistance of the plate itself. If the observed values are averaged 
over the whole test time it is given by: 

Ti’ — To’ 
T — To’ 


since the surface coefficient E will have the same value all over the outer wall. 
From this the surface coefficients Z, and EZ, can be obtained and, within certain 
limitations, can be used to estimate instantaneous values for H’ corresponding to 
similar values of H. 

The longest period of continuous observation was eleven 24 hr. days. The 
weather conditions in Pittsburgh are too variable to be ideal for such work so that 
advantage had to be taken of cold spells as they occurred. Attempts were made 
to keep the inside temperatures constant, but as the rooms were in their ordinary 
use, and the radiators large, this was not very successful. Readings for the heat 
flow were taken every half hour, and every hour for the temperatures. 


H' = H 
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The structures tested were: 


A. Concrete foundation wall 26.2 in. thick including */,in. cement plaster. North 
exposure, meter plate located 12 ft. from outside ground level. A sill of a large window 
was 10 ft. directly above the plate. The specification for the concrete was 1-2-4, the 
aggregate to pass 1!/. in. mesh. The outer face was 1'/2 in. thick surfacing coat, with 
rough finish. ‘The inner surface of the concrete was asphalted before the plaster finish 
was applied. 

B. Brick wall 22'%/;, in. thick, including */, in. cement plaster finish, consisted 
of one layer of hard burned, repressed Kittaning face brick, No. 3 shade grey, and the 
rest common red. No samples of those actually used were obtainable. The face brick 
had one row of headers every ten rows, which was included in the test. The bonding 
of the red brick was not known. 

C. Hollow brick wall shown in Fig.2. Brickssameas B. Westexposure. Meter 
plate 10 ft. above ground, and 9 ft. above floor. The plate was 4 ft. above bottom of 
hollow space which the drawings showed to extend up for 30 ft. without closing off 
horizontal courses. 

D. Brick wall of garage 8?/, in. actual thickness, painted inside, but not plastered. 
One layer of hard, burned, repressed Kittaning face brick, No. 3, grey shade, and one 
ae of common red. Face brick 5.78 lb. per brick or 137 lb. per cu. ft. Built without 

eaders. i" 
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E. Same as D, except plate 7 ft. 6 in. above floor and 8 ft. 6 in. above ground and 
ocated near a row of heating pipes. 

F. Plaster ceiling with metal lath and wire netting support. Plaster about 
3/, in. thick, with rough, lumpy upper side. The location of the meter plate for this 
as well as for G and H is shown in Fig. 3. The attic was unused and had no definite 
openings to the rooms below beyond those for the light fixtures. The supporting metal 
lath was */, in. square stock set at 12 in. centers. 

G. Partition wall composed of 4 in. thick by 2 ft. 6 in. by 12 in. pyrobar blocks, 
and 3/, in. plaster. The location of the meter plate is shown in Fig. 3. The rear side 
was unfinished and open to the loft. The heat flow through it was low. 

H. Roof composed of 2'/, in. tongue and grooved boards covered with 3/,. in. 
tar roofing, and 3/\, in. thick slate. Details are shown in Fig. 3 which also shows the 
portion of the building for tests of sections F, G and H. The air gaps and contacts 
* will have an appreciable insulating value in a construction of this type and would here 
be approximately equivalent to a !/x in. air gap resistance. 


A summary of the results obtained are given in Table 1 and express the average 
values from each test. As each test was run so as to cover as nearly as possible a 
cycle of temperature changes, the wall temperatures at the end were for all tests 
very closely the same as those at the start. Where there was any change the small 
correction necessary was applied. The conductivity coefficients are fully defined 
and in addition their nomenclature as suggested for general use is given. (E. 
F. Mueller, Refrigerating Engineering, Oct. 1923, p. 133.) 
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The discussion will first be confined to the conductivity coefficients found, and 
the surface and overall coefficients will be treated later. 

The conductivity of 11.3 for concrete is higher than the values obtained by various 
investigators using small specially built samples. These have of necessity been 
thin, and consequently have not permitted a large aggregate to be used. When 
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Fic. 3. Test of CEILING, WALL AND Roor F, G anp H 


thin and tested under laboratory conditions they would become well dried. Also 
it is to be expected that a large wall will have a higher density than can be obtained 
in a small sample. The value most commonly used is probably 7 though test 
results have shown from 5 to 9. Recent tests by Kreuger and Eriksson of Sweden 
on §'/, ft. square samples called concrete, but made of 1 cement to 5 sand in order 
to get a homogeneous material gave the following: 


Thickness k 
4 in. 9.4 
8 in. 9.2 
16 in. 9.4to 9.6 


As to whether a full sized but thinner wall would show the same high conductivity 
has yet to be developed. 
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A comparison of the brick walls is interesting. There is no clear reason why the 
thick wall should show a higher conductivity than the thinner ones, the face brick 
is the same to all records and appearance, although the samples of those actually 


TaBLE 1. AVERAGE VALUES FROM EACH TEST 


DESIGNATION A B Cc D E F G A 
‘ x. @ a 
“4 2 v | Ed 
ee ee en es 
$3 g= ,°¢ 82 &8 52 88 85 
ConsTRUCTION gs, we ok ae ion 23 #2 2a 
: =e Se =z =z ao x2 
(See details in text.) O& G8 RAS BS > RE AS GB 
DORs 0 00:50:04.0 060500 North North West North North... io TS 
Av. temp. of material, 
ee eer 44 46 45.4 46.2 46.8 72 68.2 44 
Av. temp. diff. air to air, 
rrr 41.4 44.4 40.3 40.4 40 16 13.9 22.8 
Av. temp. diff. face to 
face, deg. fahr......... 25.5 33.6 26.45 22.8 23.6 56.9 19 
Av. B.t.u. flow through 
plate and wall......... 10.68 8.66 8.7 11.74 12.94 8.28 3.13 6.13 
Av. B.t.u. flow through 
uncovered wall........ 11.03 8.8 8.83 13.2 13.45 9.61 3.2 6.81 
(Commercial) conductiv- 
EL errors 11.35 6.14 sone §.21 5.03 2.4 


Conductance, i. ¢., con- 
ductivity face to face = 
EE RS 0.435 0.261 0.334 0.596 0.575 ... 0.543 0.35 
0.33 (0) 
Transmittance, #. ¢., con- 
om air to air = 


Re AEN re 0.267 0.198 0.219 0.327 0.333 0.6 0.23 0.254 (d) 
Inner 0.21 (d) 
Surface hot 
Trans- side 1.03 1.13 0.91 1.11 1.27 1.4 0.75 1.64 
mission Onter e 
= E (b) cold 2 
side 2.17 2.87 1.46 (d) 2.06 2.2 eee 0.96 1.3 (d) 


(a) B.t.u. per sq. ft., per hour, per inch, per deg. fahr. 

(6) B.t.u. per sq. ft., per hour, per deg. fahr. 

‘A When roof is covered with snow. 

d) ‘The outside air temperature is taken as the average of that in the north shade. These values 
thus give a kind of practical coefficient which includes the type of exposure. 


used were only available for the thin walls, tests D and E. The actual make of 
common brick was not known. The most probable cause would be the fact that 
D and E had no brick bonds and would thus have the advautage of the relatively 
higher insulation due to the mortar or a °/, in. air gap between the bricks. On 
the other hand it might have been expected that these would have been more sub- 
ject to infiltration, although the wind was not consistently high on any of the tests 
and generally more western, whereas all of these walls had northern exposure. 

All tests on brickwork have shown variable values even in laboratory tests, and 
it must be expected that it is more likely to be thus in walls as built. As to whether 
moisture plays any part in increasing the conductivity of thick walls is yet to be 
proved, although there would be that tendency. 

The hollow brick wall, C, has the same total thickness as the solid one, B, but has 
a conductivity face to face of 0.328 against 0.267 for the solid. The apparent 
conductivity of the hollow wall can be estimated from its component parts pro- 
vided these are known, but not much reliance couid be placed on such estimation 
in close comparisons as neither the conductivity of the brick or air space can be 
predicted close enough for the actual conditions. Taking k = 6.14 for the brick, 
and 0.7 for the air space (Kent, p. 629) the total factor figures as 0.294, which is 
larger than that of the solid wall. Thus on simple considerations there is no extra 
insulation obtained by the use of the 9 in. air space. It would seem probable how- 
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ever that an air space like this has in it less insulating value than that equivalent 
to the 0.7 factor assumed especially near the bottom of a large height. It is ideal 
for encouraging infiltration and the cold air would collect at the bottom. 

Due to the roughness of the upper side of the ceiling plates, F, no attempt was 
made to measure that surface temperature, and thus the conductivity of the 
plaster itself was not determined. The over-all conductivity of 0.6 is however 
the practical figure which is required. 

Two values are given for the roof. The period when snow remained on it did 
not last long, and therefore that value is not as assured as could be desired. When 
not covered with snow the wind will get below the slates and will partially destroy 
the insulating value of the air space between them and the roofing, so that the 
conductivity would be increased. The conductivity found can be compared with 
that estimated for the component parts by taking the probable values of k for the 
wood 0.9, for the roofing felt 0.7, for the slate 13, and for the '/s in. air gap, a con- 
ductance factor from surface to surface of 1.85. These values can be found in 
Kent (p. 629 and 630). The resulting conductance from surface to surface figures 
as 0.27. Considering the uncertainty of the air gap, and the shrinkage of the boards 
it is reasonable that it should be lower than actual values. 

The heat flow for the partition wall H was low, and it is rare that one would 
exist with plaster on one side only. 

The surface transmission coefficients are interesting. The values obtained in 
laboratory tests have usually been for similar conditions, and therefore do not show 
much variation. It is the custom to express it as the B.t.u. per square foot per 
hour divided by the difference between the surface and air temperatures, which 
at once raises the question as to where the latter is to be taken. The values given 
are all for about 5 in. from the surface, except for the roof. The temperature of 
the air near the roof is a difficult one to measure due to the sun, and though the 
record given by thermocouples was taken, yet the surface coefficient, as well as 
the transmittance from air to air, are reckoned from the shade temperature. The 
air temperature near the roof would in practice not be known and the outside tem- 
perature spoken of would be the shade. The same applies to walls exposed to the sun. 

As is well known the surface action is due to two factors, one the heat trans- 
ference due to convection which is by no means a simple one, and the other the 
radiation, which is dependent on the temperature of other surrounding surfaces. 
Under ordinary room conditions and with thick walls the variations which occur 
are of little moment, but it shows up in some of the instantaneous values. This 
is well illustrated by the roof. Its average inner surface coefficient is high because 
it faces the comparatively hot ceiling below. For instance one afternoon the sun 
heated the roof so that the heat flow through it gradually decreased until it reached 
a minimum of no flow in either direction, afterwards gradually rising to an outward 
flow again, see Fig. 7. During 5 hours of this time the air temperature below the 
roof was less than that of the under surface, and under these conditions heat should 
have been flowing from the roof to the attic. However, on account of the direct 
radiation that factor of the surface action kept the flow in the other direction. 
The slate side of the roof showed a similar action. After the sun had gone down 
the air was warmer than the roof due to the latter’s rapid radiation to the sky. 
The values given are therefore good averages for a variety of natural conditions, 
as in no tests was there a continuation of a uniform type of weather. 

As previously stated the flow measured in all tests was the loss from the room 
into the wall. At any given time this need not be, and is not the same as the flow 
from the outer surface, but it is one of practical interest and fixes the radiation 
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required to counteract it at that time. Due to the heat storage capacity of the 
walls there is always a lag between a change of temperature outside and the corre- 
sponding change in the rate of heat loss from the room. 

A plotting of a log of the rate of heat loss and the temperature conditions is of 
interest, and this is the first time that such records have been available. Some 
such plots are given in the following but to avoid confusing them too much only 
a few of the temperature curves are shown. In all the curves it will be noted how 
strongly marked is the effect of a change of the inside temperature on the rate of 
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flow. These tend to mask the more smoothed out variations due to outside“tem- 
perature changes, although the latter are much the larger. 

_Fig. 4 shows the log for the 22 in. hollow brick wall, test C, having an open west 
exposure. The outside air temperature is that given by “shaded” thermocouples, 
that is protected from the sun by paper shields, although even then they probably 
register somewhat higher than the true air temperature which itself is indefinite 
due to the sun heated walls. It will be noted that the outside air and wall tem- 
peratures rose most days to sharp peaks, those of the wall being the greater. The 
corresponding maximum depression in the heat flow occurs about 12 hours later, 
unfortunately at times when the room temperature rose, but still the effect of these 
waves can be seen. Thus B is the heat flow peak due to A, temperature rise. 

The general constancy of the inside wall surface coefficient is shown by} the 
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constant ratio of the heat flow to the temperature difference between inside 
air and wall. Considering the outside wall, the similar outside temperature differ- 
ence shows no constancy and, at some points is negative. At the peaks, such as 
A, there is the largest difference, but actually at this time there would be a large 
flow of heat into the wall. Of course because the wall has a higher temperature than 
the air there must be a flow of heat from it to the air as fixed by the ordinary con- 
vection laws. This heat is however not that lost from the room, but is supplied 
directly by the sun. Thus at these times heat is flowing both ways from the outer 
surface, into the wall and into the air. 

Fig. 5 is for a solid brick wall 8*/, in. thick with north exposure. As this did 
not have the sun directly on it the temperature peaks are not as prominent. The 
depressions for the heat flow occur about 9 hrs. after the outside rise in tempera- 
ture. The wall tested was partly protected by other buildings from the north 
and northwest winds, and the general increasing of the outside surface coefficient 
by the high west winds on the 17th can be seen by comparing the difference be- 
tween the two lower curves with the same on the 14th, thus showing that the outer 
surface coefficient was increased. 

Fig. 6 shows a record of a 24 in. concrete basement wall similar to that reported 
under A. The wall had an east exposure. A meter plate was placed on each face 
of the wall so as to measure the flow out of as well as into it. The log covers 
25 hrs. only. The room conditions and flow into the wall were fairly constant. 
The flow out of the wall was instructive and illustrates its variability, making up 
at night for its low values during the day. At 10:25 a.m. the sun came out 
and immediately the direction of flow was reversed. It appeared intermit- 
tently up to 12:15 when, since the wall faced nearly due east, it no longer shone 
on it. Although the rays were comparatively weak and had a very small inclina- 
tion to the wall, yet the flow reached a negative value of 14.5 B.t.u., which is greater 
than its maximum positive one. It will also be seen that during this same time of 
negative flow, the air temperature remains lower than the wall surface. 

Fig. 7 gives the simultaneous values for the ceiling and roof shown in Fig. 3. 
Only air temperatures are plotted, that for the outside air again being the shade 
value. The temperature of the loft air is that near the roof, the average value 
of which was 1.4 deg. fahr. higher than that above the ceiling. The temperature 
of the room air is that under the ceiling and was of course higher than that at the 
breathing line. The B.t.u. flow through the ceiling is very irregular due to the 
difficulty of regulating the radiator with an ordinary globe valve. The influence 
of the sun on the roof flow has been discussed previously and is clearly seen from 
the curves. The attic temperature is affected by the wind direction, and the in- 
filtration into it would be higher with a west than with a south wind. Comparing 
April 2 p.m. with April 3 p.m., the latter with a south wind has the higher tem- 
perature. 

The results of this test can be used to check up the room radiation. First a 
comparison will be made between the average room and attic losses during the 
period of the test. 

As shown in Fig. 3 heat flows from the room into the attic, and from there through 
the roof. The room is a small part of a wing of similar rooms having a common 
attic. Using B.t.u. loss from Table 1 and dimensions from Fig. 3, the aver- 
age heat losses per foot run of the wing for the time of the test can be 
obtained. 

As the room was kept at 75 deg. fahr., which was higher than that of the other 
rooms, the excess found will be greater than the average. There would how- 
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ever be some air changes in the attic due to some vent openings under the 


eaves. 


Considering next the extreme condition of -10 deg. fahr. temperature outside, 
the corresponding loft temperature can be roughly calculated and will be 40 deg. 


Flow through ceiling............ fis ees $éncecwegseta saseecee 234 B.t.u. per hr. 
TR CRE GTN WO a ooo cic cv cccccccecccccscsceses 11 B.t.u. per hr. 
NE RING, 65.5. 68. 5:0.9.4.5 4-550 RPE AOR EERE R ROK EAD Kee 245 B.t.u. per hr. 
I 6.010034, 00:50:06 Atk AEE OARHS 0086.0:4.0:4:445 seme 171 B.t.u. per hr. 
Is a ao 8006: 0:66 0 SERIES 145.605 485RS RES 74 


fahr. The heat losses from the room with 70 deg. inside, neglecting small cor- 


rections, are: 


Part Area sq. ft. Factor T, B.t.u. per hr. 
Outside wail 23 in. brick. . 115 0.2 80 1850 
PRESSES eee 75 80 6600 
a epee 300 0.6 30 5500 
Partition wall............ 50 0.23 30 345 
rr ee rie yee ree ee eee rye Pee he eo 14,195 


The radiator is a 23 in., 3 col., 25 sections, which with 215°F steam will give 


17,440 B.t.u. per hr., or an excess of 3245 B.t.u. above the total wall losses. 


As 


the room has 4300 cu. ft. vol., the B.t.u. required for one air change will be 6200, 
so that the excess radiation will take care of half a change per hour, which 
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should be sufficient with the assumption of no wind. Thus the original method 
of estimation used to fix the radiation agrees closely with what would be needed 
for the extreme condition. Such an extreme is, however, very rare and of very 
short duration in the Pittsburgh district, so that the heat capacity of the wall would 
somewhat reduce the losses at the extreme period. 

As the tests reported in this paper were made in order to determine the possible 
usefulness of the Heat Flow Meters in the heating and ventilating field the follow- 
ing conclusions are suggested: 


1. They successfully give values for the desired thermal factors, but for heavy 
walls such values will be for the average ordinary weather conditions, unless they are 
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Fic. 6. Loc or 24 1n. CoNcRETE WALL, NORTHERN ExPosuRE, SHOWING FLOWS INTO 
AND OUT OF THE Two SURFACES 


made in a district where an extreme type will prevail for some days. Thus in only a 
few instances was it possible to note any effect due to wind, as it never remained con- 
stant for long. 

2. Independent investigations would be needed for determining the air infiltra- 
tion through the materials themselves. 

3. Their use permits of choosing both a variety of samples of a given construction and 
their exposure. It obviates the expense of building special samples with their probable 
superior workmanship and also the time needed for these to dry. 

4. They can be used for thicker walls than it is possible to handle as samples, 
and these can be chosen for any desired age. 

5. The time and cost of setting up for a test are small. Even with a full set of 
temperature readings it is possible to run three or four tests at the same time so that 
the labor cost. per test is less than for similar laboratory tests. With some automatic 
recording this can be still further reduced. 

6. They enable details of the actions to be studied, and their variations traced. 


7. Values obtained in this manner are free from the doubt of specially constructed 
samples and laboratory conditions. The advisability and need of the latter is not 
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questioned, however, and those made in the manner here outlined should, for a thorough 
investigation, be in conjunction with others having the various fixed condition that can 
be obtained in the laboratory. 

Acknowledgment is made to the U. 8. Bureau of Mines, Pittsburgh, Pa., for their 
cooperation in giving facilities for the use of the various structural parts, and to 
G. H. Eisenhart of the Laboratory staff, who assisted in the work here reported. 


APPENDIX A 


Work on the calibration of the meter plates was not completed at the time of writing 
the former paper presented to the Society at the January, 1924, meetings. It was 
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pointed out that there appeared to be a different heat distribution through the thin 
plates with air contact on one side, to what occurred with close contact. 

Plates have been tested since then with air contact, thus duplicating a wall application, 
as shown in Fig. 8. 

The general rig up was similar to that described in the previous paper for single 
direction of heat flow except that one cold plate was omitted so that the last plate 
had one side exposed to the air. The air was kept at a constant temperature by passing 
the cooling water through a radiator as shown, and then through the other cold plate. 
The circulation of the air was by natural convection, and its temperature measured at 
the lower end by a row of thermocouples in parallel. The constancy of air temperature 
attainable was very good, and at no time gave trouble; any variation in it of course 
included that of the cooling water. In one test after approximate constancy of heat 
flow was approached the air temperature readings over a period of 20 hr. show a maxi- 
mum variation of 0.2 deg. fahr. 

These tests showed that the '/,.'in. plates give a 3 per cent lower differential reading 
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Fic. 8. ARRANGEMENT FOR TESTING METER PLATES WITH ONE Face 
Arr ExpPosuRE : 


with air exposure than with close contact, and the '/s in. plates a 2 per cent. These 
corrections were used in the application tests. 


As shown in the previous paper the heat flow into a surface under ordinary conditions 
is variable due to the natural air currents. In the above tests with steady air conditions 
such variations were absent or just noticeable. 

Although these varying flows approach more nearly to what actually occurs at the 
surface, yet they make the taking of a differential reading more difficult. To overcome 
this, and to average and smooth out the variations without increasing the thermal 
resistance of the plate, one was made with a No. 26 B and S copper plate on its expossd 
side. This produced the desired result, and even under forced conditions of air flow, 
its readings changed regularly. Although it has not as yet been proved, it is also be- 
lieved that this will make the flow distribution the same with any type of contact, and 
that the smooth finish of the metal plate will more than compensate for the thermal 
resistance of the copper by reducing the surface resistance. Even with the present 
plates their low surface resistance as compared with a building wall makes the equivalent 
thermal resistance added to the wall less than that actually possessed by the plate and 
air gap. 
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VALUE OF THE KATA THERMOMETER IN 
EFFECTIVE TEMPERATURE STUDIES 


By MarGaret InGgis,! PITTsBuRGH, PA. 


MEMBER 


cooling power of air, upon the assumption that the relative comfort of people 

depends on the cooling power of the air surrounding them. It is a scientific 
instrument. Effective temperature*® is the measure of the air condition which 
affects the human senses, and is the resultant of the dry bulb temperature, the 
wet bulb temperature and the velocity of air. Effective temperatures were es- 
tablished by experiments with human subjects. This report concerns the work 
of adapting the scientific instrument for measuring effective temperatures. 

The Kata thermometer may be used as a dry Kata and as a wet Kata. The dry 
Kata loses heat by radiation and convection. The wet Kata loses heat by radia- 
tion, convection and evaporation. The dry Kata and wet Kata do not have equal 
surface temperatures when exposed in the same air, therefore the heat losses by 
radiation and convection are not equal for the two. It then follows that the 
difference in the rates of heat loss is not equivalent to heat lost by evaporation on the 
wet Kata. 

The following relations of temperature, air velocity and rate of heat loss are given 
by Dr. Hill:4 


Dry Kata 
F 


Still Air H= To 0.27 (97.7 — #) 


Velocity below 200 ft. per min. H = (0.11111 0.01584») (97.7 — 8) 
Velocity above 200 ft. per min. H = (0.07222 0.01861+/v) (97.7 — #) 


Wet Kata 
Velocity below 200 ft. per min. H = (0.19444 0.08118~/v) (97.7 — 2) 
Velocity above 200 ft. per min. H = (0.05556 0.10505~/v) (97.7 — 2) 


1 Research Head, A. S. H.-V. E. Research Laboratory. 

2 The Science of Ventilation 7. n Air Treatment, by Leonard Hill, London, 1919. 

3 Equal Comfort Lines, by F. C. Houghten and C. P. Yagloglou, AMERICAN SOCIETY HEATING AND 
venga eee ENGINEERS’ JOURNAL, March 1923. 

Report Series No. 73, Medical Research Council The Kata-thermometer in Studies of 
aoe a Efficiency. 

sae 1924, AMERICAN SocrETy OF HEATING AND VENTILATING ENGINEERS. 

Presented at the Semi-Annual Meeting of the American Socigty oF HEATING AND VENTI- 
LATING ENGINEERS, Kansas City, Mo., June 1924. 


fk Kata thermometer? is an instrument which was designed to measure the 
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H = mhillicalories per sq. cm. per second. 

F = Kata Factor = millicalories lost by Kata in dropping from 100 deg. fahr. to 
95 deg. fahr. per sq. cm. 

T = time of drop in seconds. 


¢ = temperature in fahrenheit degrees, dry bulb temperature for dry Kata 
formulae and wet bulb temperature for wet Kata formulae. 
v = velocity of air in feet per minute. 


The work done by this Laboratory® on the Kata thermometer determined the 
relation of temperature, velocity and rate of heat loss to be as follows: 


Dry Kata 
Kata Factor X 0.003687 « 3600 
=e 
7 
= b x4 
H = B.t.u. M.S.H. 15.9 0.03860 + 8.25 
Wet Kata 


es 
H = B.t.u. M.T.H. 19.86 007720 + 5.34 
H = B.t.u. per sq. ft. per hour. 
T = time of cooling in seconds. 
B.t.u. M.S.H. = Mean Sensible Heat Difference between surrounding air and 
air at mean temperature of Kata 


B.t.u. M.T.H. = Meen Total Heat Difference between surrounding air and air 
at mean temperature of Kata. 


v = velocity of air in feet per minute. 


Substituting values in both sets of equations the formulae for the dry Kata check 
each other. The formulae for the wet Kata do not check. Tests were made in the 
constant temperature rooms of this Laboratory and their results proved the correct- 
ness of those formulae first set up by this Laboratory. 

In further consideration only the second set of formulae will be used. 


The rate of cooling of the dry Kata depends, first, on the mean between the sen- 
sible heat of the surrounding air and the sensible heat of air at mean Kata tempera- 
ture, and second on the velocity of the air. As sensible heat is a function of the 
dry bulb temperature, the rate of cooling of the dry Kata is a function of the dry 
bulb temperature and velocity. 

The rate of cooling of the wet Kata depends, first, on the mean between the total 
heat of the surrounding air and the total heat of air at mean Kata temperature, and 
second on the velocity of the air. Total heat is a function of the wet bulb tem- 
perature, therefore the rate of cooling of the wet Kata is a function of the wet bulb 
temperature and velocity. 

Effective temperatures approach the dry bulb at low temperatures and the wet 
bulb at high temperatures. In still air the effective temperature is equal to the dry 
bulb at 32 deg. regardless of the wet bulb. That is, the dry Kata approaches a 
measure of the effective temperature at low temperatures, likewise the wet Kata 
approaches a measure of the effective temperature at high temperatures. People 
react in one extreme as a dry Kata and the other extreme as a wet Kata. 

From the table, which was compiled from the cooling rates of dry and wet Katas 
and the effective temperature charts, it can be seen that the air conditions giving 
equal comfort do not give equal rates of cooling on either of the Katas. Therefore 
the cooling rates on either or both Katas will not be an index to comfort. 


§ Temperature, Humidity and Air Motion Effects in Ventilation, by O. W. oo and Margaret 
Ingels, AMERICAN Society HEATING AND VENTILATING ENGINEERS’ JOURNAL, March 1922. 
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It is evident that the Kata is not a complete instrument in itself for measuring 
effective temperatures. It does have a use in this work and that is as an anemom- 


TABLE 1. SHOWING THAT DIFFERENT POINTS ON THE SAME EFFECTIVE TEMPERATURE 
Lines Do Nor Give Eguat Coo.inc RATES ON EITHER THE Dry OR WET KaTA 
Effective Gieny gegeieiene 


temperature D. B. Velocity 
degrees degrees degrees ft. per min. Cooling 
30 30 30 0 135 286 
30 29 20 0 136.5 306 
60 60 60 0 73.6 208 
60 71 44 0 52.6 255 
70 70 70 0 54.6 167 
70 86 55 0 22.7 224 
105 105 105 0 —14.3 —66.8 
105 163.5 97.5 0 —90.5 0 
30 58 58 500 214.5 133 
30 52 34 500 248 213.5 
70 81.2 81.2 500 87.54 54.2 
70 91 58.4 500 33 131.0 


eter. The relations of temperature, rate of cooling off the Kata, and air velocity 
are given by the equation, the temperature and rate of cooling are easily measured so 
the velocity can be figured. Either the dry Kata or wet Kata may be used for deter- 
mining velocities. The time of cooling for the dry Kata is longer, and variables 
introducing errors do not enter in the dry Kata readings as much as in wet Kata 
readings, therefore the dry Kata can be used more accurately as an anemometer 
than the wet Kata. The Kata is of value only as an anemometer in measuring 
effective temperatures and in future work will be used fundamentally as such. 

The three variables on which effective temperatures depend are dry bulb temper- 
ature, wet bulb temperature, and velocity. Effective temperatures have been estab- 
lished through a range of 30 to 115 deg. This means a dry bulb temperature range 
of 29 to 170 deg., wet bulb of 20 to 115 deg., and velocity range from still air to 500 
ft. per min. For each value of one of the variables, each other variable can vary 
through its entire range. This means an infinite number of combinations. 

Charts have been made to simplify determining the effective temperatures for 
any air condition. The dry bulb and wet bulb temperatures may be read from a 
sling psychrometer. The rate of cooling of the Kata is found as follows: The dry 
Kata loses a known amount of heat in dropping in temperature from 100 to 95 deg. 
This amount is written on the back of the thermometer and is given in millicalories 
per square centimeter of Kata surface. It is known as the Kata factor. The Kata 
factor is changed to B.t.u. per square foot by multiplying by 0.003687. Thetime . 
is taken for the Kata to cool from 100 to 95 deg., and the rate of cooling in B.t.u. 
per square foot per hour. 

H-= Kata Factor X 0.003687 X 3600 
Time of Cooling in Sec. 
_ Kata Factor X 13.273 
~ Time of Cooling in Sec. 

With the dry bulb and wet bulb temperatures and the rate of cooling of the Kata 
the effective temperature is found as follows: Refer to the chart for the known dry 
bulb and on this chart find the intersection of the wet bulb temperature and the rate 
of cooling of the dry Kata, and read the effective temperature for this point. 

An additional scale of velocity of air in feet per minute is given, for if the velocity 
is known the effective temperature can be read direct without knowing the cooling 
rate of the Kata. 
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VELocitTy oF AIR IN FEET PER MINUTE 


8 $ gs Re 


Wet Buia TEMPERATURE 
CHART FOR OBTAINING EFFECTIVE TEMPERATURE READING 


2 8 


Rate oF Heat Loss FroM Dry Kata IN B.T.U. PER SQ. Fr. PER HouR = 
“Kata Factor” X 13.271 





TIME IN SECONDS 
Effective temperatures can be obtained from such charts with the simplest oper- 
ation and explanation, and combinations of the variables affecting effective tem- 
peratures are given. 
The dry bulb chart of 70 deg., Fig. 1, accompanies this report, and shows the 
characteristics of all the charts which have been prepared. 
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CORRELATION OF SKIN TEMPERATURES AND 
PHYSIOLOGICAL REACTIONS 


By W. J. McConnegtt, M. D.! (Non-MEMBER) AND C. P. YAGLOGLOU,? (MEMBER) 


PirrsBuRrGH, Pa. 
Accurate Measuring of Skin Temperature 


than it probably deserves on account of the technical difficulties in ac- 
curately measuring the temperature of surfaces of the body. 

It is obvious that temperatures registered by a thermometer whose bulb is only 
partly in contact with the body are resultants of skin and environmental tem- 
peratures. If the exposed part of the bulb is covered in an effort to reduce the 
influence of external conditions, the heat loss from the covered portion of the skin 
is materially affected, and the temperature indicated by the thermometer is higher 
than the true temperature of the surface. 

Many devices have been invented to eliminate the influence of environmental 
temperature. Thus Davy* used a thermometer whose bulb in form was nearly 
cylindrical and fixed to a small piece of cork made hollow and lined with fine 
wool. 

The New York State Commission on Ventilation‘ in certain experiments mea- 
sured the temperature of the skin covering the chest by means of accurate long 
stemmed chemical thermometers, the bulbs of which were covered by stiff paper, 
so that an air pocket was left between the bulb and the paper, and thus the bulb 
could not touch the skin. The thermometer was at first warmed to a temperature 
of 29.4 deg. cent. (85 deg. fahr.), and was then placed well within the clothing 
and was allowed to remain there for a period of 10 min. before the reading was 
taken. 

Benedict, Miles, and Johnson used the electrical method which consists of two 
copper-constantan junctions, one immersed in a constant temperature bath a 
Dewar flask, and the other applied to the skin. The current set up due to the 
difference in temperature between the two junctions was measured by the de- 
flection obtained on a galvanometer. The junction was backed with a light tuft 


Tithe physiological significance of skin temperatures has attracted less study 


1 Past Asst. Surgeon (R) U. S. joe Health Service, and Surgeon U. S. Bureau of Mines. 

2 Research Engineer, A. S. H. E., Research Laboratory, Pittsburgh, Pa. 

* Davy, John, Philosophical AS WD of the Royal Society of oe Feb. 17, 1814, p. 590. 

4 Ventilation, Report of the New York State Commission 1923, p. 

§ Benedict, Miles, and Johnson, Proceedings of National pom Ady a Science, 1919, p. 218. 

Copyright, 1924, AMERICAN SocreTy oF H&ATING AND VENTILATING ENGINEERS. 

Presented at the Semi-Annual Meeting of the AMERICAN Society OF HEATING AND VENTILATING 
ENGINEERS, Kansas City, Mo., June 1924. 
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of cotton batting and installed rigidly in a piece of hard rubber. The junction 
in the bath was kept at 31 and 32 deg. cent. 

In the studies of the physiological reactions to high temperatures and humidities 
conducted by the U. 8. Bureau of Mines, Pittsburgh, Pa. in cooperation with the 
AMERICAN Society oF HEATING AND VENTILATING ENGINEERS, surface tempera- 
tures have been recorded in the majority of experiments, and the methods used 
and results obtained are the subject of this paper. 

When the work was first started early in 1922, specially designed fiat bulb ther- 
mometers were constructed and used for measuring surface temperatures. On 
account of the inconsistent results obtained, this method was soon replaced by 
the thermoelectric method described in a previous article. The methods de- 
scribed there have been improved and the thermocouple finally adopted is shown 
in Fig. 1. 


Thermocouple for Determining Skin Temperature 
A glass tube encases the copper-constantan thermocouple wires which are se- 


curely fixed at the two ends of the tube by means of sealing wax. The junction 
to be applied to the surface is exposed so as to be in contact with the skin, the 


Sealing Wax 
/ Glass Tube 27 


Thermocouple Junction 


Rubber Tubing 














Thermocoupie Wires 


Fic. 1. THERMOCOUPLE USED IN DETERMINING SKIN 
TEMPERATURE 


wires leading to the junction for a length of */,5 in. are bent over so as to run parallel 
to the surface but covered with a very thin layer of sealing wax. The cold junction 
is kept at a constant temperature of 32 deg. fahr. in a bath of melting ice. The 
electromotive force set up due to the difference in temperature between the two 
junctions of the system is read on a Tinsley potentiometer and converted into 
degrees fahrenheit by means of a calibration curve. To obtain the surface tem- 
perature of any part of the body the glass tube is placed at a right angle in firm 
contact with the skin and held in this position approximately a minute until a 
constant reading is obtained on the potentiometer. In atmospheric temperatures 
considerably lower or higher than that of the body the glass tube is kept in warm 
water of about body temperature in order to reduce the time for making the ob- 
servations. The heat capacity of this device is rather small when compared with 
the capacity of a clinical thermometer, and there is little interference with the 
heat loss from the portion of the skin where the thermocouple junction is applied, 
as the diameter of the glass tube is less than '/, in. 

The procedure followed in conducting the tests can be found in a previous 
study.” The first surface temperature reading was made at the expiration of the 
rest period before entering the test chamber. The temperatures of the cheek, 


* Body Temperatures and Their Measurements, by W. J. McConnell and F. C. Houghten, JournaL 
A. S. H. & V. E., July 1922. 

7 Some Physiological Reactions for High Temperatures and Humidities, by W. J. McConnell, 
and F. C. Houghten, Journau A. S. H. & V. E., March, 1923, pp. 131-164, 
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abdomen (just above the umbilicus), and dorsum (at the waist line) were recorded. 
Readings were similarly taken at intervals during the tests. 

The results obtained by Davy,’ Benedict, Miles and Johnson® show extra- 
ordinary differences in skin temperatures at different points. Davy concludes 
that the temperature of parts diminishes as the distance of parts from the heart 
increases. The New York Commission’ found that the temperature of the skin 
on the chest, recorded in their experiments, conformed fairly well with those of 
Davy, Kunkel," Stewart!? and Benedict, Miles and Johnson.'* 


Relation of Skin Temperature to Thermal Properties of Body 


It is well known and has been emphasized by Pembrey and Collis'* that the 
skin becomes flushed and warm when the body is exposed to warm moist air, but 
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Fic. 2. RELATION BETWEEN EFFECTIVE TEMPERATURE AND SKIN TEMPERATURE 


the relation between skin temperatures and other physiological reactions have 
not to our knowledge been studied, and the importance of skin temperatures to 
the thermal properties of the human body is not generally recognized. When the 
subjects were lightly dressed, wearing trousers and shirts, and following a 2 hour 
rest period in a well ventilated room, but not accurately controlled, the cheek, 
abdominal and dorsal temperatures were taken, and Fig. 2 shows the average 
surface temperature of five subjects plotted against effective temperature.'® 


The humidity in the room where these readings were taken varied from 35 to 
70 per cent on different days, while the temperature conditions were not constant 


§ Work cited. 

§ Work cited. 

10 Work cited. 

11 Kunkel, Zeitschrift fiir Biologie, 1889, XXV, p. 55. 

12 Stewart, Studies of the Physiological Laboratory, Owens College, Manchester, 1891, V. P. 100, 

18 Work cited. 

144 Pembrey, M.S,, and Collis, E.L., Appendix 111—2nd, Report of the Departmental Committee 
on Humidity and Ventilation in Cotton Weaving Sheds, London, 911 

16 Determining a Comfort Lines for Still Air Conditions, F.C. Houghten and C. P. Yagloglou 
Journa A. S. H. & V. E.. March 1923. 
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which probably accounts for the variation in the experimental points. Other 
factors, such as previous activities and changes in the clothing worn from day to 
day may add their influence. 

The cheek temperature varies from 94 deg. fahr. at 64 deg. effective temperature 
to about 97 deg. at 75 deg. effective temperature, while the variation in the ab- 
dominal and dorsal temperature is less than 3 deg. This indicates that the cheek 
being exposed to the air is considerably more affected by external conditions than 
the protected parts of the body. It is also noted that at comparatively low tem- 
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Fic. 3. RELATION BETWEEN EFFECTIVE TEMPERATURE OF EN- 
VIRONMENT AND SKIN TEMPERATURE AFTER 
1 Hour’s ExposurRE 


peratures the abdominal temperature is about one deg. higher than that of the 
cheek, while the dorsal temperature is the lowest of all. 

The parallelism in the two upper curves shows that the clothed parts of the body 
are similarly affected by external conditions. At about 70 deg. effective tempera- 
ture the cheek temperature approaches that of the abdomen, and at 75 deg. effec- 
tive temperature the two are identical. The curves are not straight lines due to 
the variable amount of perspiration available for evaporation at the different 
temperature conditions, as a result of which the curves fall off with increasing 
temperature. 

Before entering the test chamber the subjects stripped to the waist. In the 
chamber the temperature conditions were maintained constant and Fig. 3 shows 
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the results of surface readings after one hour’s exposure to the temperature in the 
chamber. 


Tests in Still Air and Moving Air 


The crosses represent tests conducted in still air while the points and circles 
represent tests conducted in air moving at the rate of 200 and 400 ft. per min. 
respectively. This chart indicates that the surface temperatures follow very 
closely the scale of effective temperature irrespective of the velocity of the air. 

On exposing the unclothed body to an unvarying atmospheric temperature and 
humidity it was found that the temperature of the skin attained a constant value 
after a period of exposure depending upon the severity of the test. This is illus- 
trated in Fig. 4. 

Here the temperature conditions were maintained at 105 deg. fahr. with 100 
per cent relative humidity. The average surface temperatures for all subjects 
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Fic. 4. RELATION BETWEEN CHEEK TEMPERATURE AND 
TIME OF EXPOSURE TO A SATURATED ATMOSPHERE 
oF 105 Dgc. anp 200 Fr. VELocity 


were 94.4, 94.1, and 95.0 deg. for cheek, abdomen and dorsum, respectively. After 
exposure in the test chamber for 35 min. these values became 103.7 deg. fahr. for 
all three surfaces. The average three surface temperatures of two subjects who 
remained in the chamber for 50 min. reached 105.0 deg. fahr. showing an increase 
of.only 0.7 deg. This indicates that the surface temperatures under those condi- 
tions do not exceed the temperature of the air. 


The values given in Figs. 3 and 4 and in the accompanying charts are based 
on changes taking place after 1 hour of exposure to the test conditions. In the 
very high-temperature tests, where the subjects were unable to remain an hour, 
extrapolation would lead to erroneous results. Therefore our data is limited 
to 106 deg. fahr. surface temperature which is approximately the highest value ac- 
tually obtained in the tests. When the time of exposure was less than 1 hour, but 
not less than 50 min., a straight-line extrapolation gives reasonable results. In 
tests exceeding 106 deg. effective temperature, where the period of exposure was 








310 TRANSACTIONS AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 
much shorter than 50 min., the values obtained by extrapolation of surface tem- 
peratures were materially higher than those of the dry-bulb temperature readings 
of the air and therefore are not included in this study. 


It will be observed in Fig. 3 that for low temperature the rise in the surface tem- 
perature is not great. After 96 deg. effective temperature a gradually increasing 
rate is manifested, and above body temperature the change is considerable. A 
comparison of the three curves shows that at low temperatures the abdominal 
and cheek temperatures are practically the same, while the dorsal temperature 
is the lowest of all. Above body temperature all three readings become identical 
and approach the effective temperature of the air, until at 106 deg. effective tem- 
perature the surface of the body attains the temperature of the environment. 
It should be kept in mind that the curves do not necessarily bear a definite relation 
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Fic. 5. RELATION BETWEEN CHEEK TEMPERATURE AND Dry-BuLB 
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to those attained in the primary room due to the difference in the exposed parts 
of the body in the two cases. 

No detailed study could be made of the effect of wind on the surface temperature, 
due to the fact that complete data is not available for the entire range of tempera- 
tures employed in the tests with still air, and with 400 ft. per min. velocity. How- 
ever, indications show that air motion at low temperatures exerts an appreciable 
lowering in the temperature of the body surface, while at temperatures above that 
of the body it tends to change the surface temperature to that of the atmospheric 
environment. 


Effect of Humidity on Skin Temperature 


The relative humidity in the different tests varied from 15 to 100 per cent but 
only its effect on surface temperature is shown as indicated ia Fig. 5, for constant 
relative humidities of 30, 60 and 100 per cent and for a velocity of 200 ft. per min. 

Attention is invited to the sudden change in cheek temperature occurring at 
95 deg. dry bulb for 100 per cent relative humidity, while for 60 and 30 per cent 
it takes place at 105 and 115 deg. dry bulb, respectively. For saturated temper- 
atures above 100 deg. the cheek temperature and dry-bulb temperature are the 
same, since all three surface temperature measurements are practically the same, 
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the cheek temperature as the average representative of the others is used in the 
correlation study. 

The surface temperature, as represented by the cheek, has been plotted against 
the pulse rate and rectal temperature in Fig. 6 in order to show the correlation 
between surface temperature and these other two important physiological reactions. 

Reference to the curves for body temperatures and pulse rates published in vari- 
ous issues of the JouRNAL'® or THE AMERICAN SocieTy oF HEATING AND VEN- 
TILATING ENGINEERS will disclose that they compare favorably with the plots 
given here for surface temperature. These charts show how directly the rectal 
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Fic. 6. RELATION OF CHEEK TEMPERATURE To Bopy 
TEMPERATURE AND PULSE RATE 


temperature and pulse rate vary with the cheek temperature. At the normal 
body temperature the average cheek temperature of the five subjects of the experi- 
ments was about 96.0 deg. fahr. while at a body temperature as measured per rec- 
tum of 103 deg., the corresponding cheek temperature rose to 106 deg. Similarily 
when the pulse rate was about normal, the cheek temperature was around 96 deg. 
fahr., and as the pulse rate increased to 180 pulsations per min. the cheek tem- 
perature attained a value of 106 deg. fahr. The difference in slope of the two 
lines indicates that the pulse rate is a more sensitive index than rectal temperature 
of the severity of the external conditions. 

Enough data are not available at present to afford a study of the thermal prop- 


16 Some Physiological Reactions to High Temperatures and§Humidity, by W. McConnell and 
F, C. Houghten, Journat A. S. H. &. V. E., March, 1923, pp. 131-163. Further Study of of Physiological 
Reactions, by W. J. McConnell, F. C. Houghten and F. M. Phillips, Journat A. S V. E., Sept., 


1923, pp. 507-514. Air Motion—High Temperatures and Various Humidities eacihite on Human 
ae, i>» J. McConnell, F. C. Houghten and C. P. Yagloglou, Journat A. S. H. &. V. E., March, 
1924 1 











312 TRANSACTIONS AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 





erties of the human body when exposed to freezing conditions. The lowest sur- 
face temperature recorded was about 70 deg. fahr. and occurred in a saturated 
temperature of about 40 deg. fahr. with 400 ft. per min. velocity. 


Conclusions 


The experimental evidence herein presented indicates that the surface tem- 
perature of the human body is directly affected by external atmospheric conditions, 
and in turn initiates the other physiological reactions. These results likewise 
emphasize the importance of primary skin reactions upon which effective tem- 
peratures are based. 
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AIR LEAKAGE AROUND WINDOW OPENINGS 


By C. C. Scoraper,! PirrsBurGs, Pa. 


MEMBER 


HIS report is the second one dealing with the air leakage problem being 

I investigated at the Research Laboratory. The first report, Air Leakage 

through the Openings in Buildings, was published in the February, 1924 
JOURNAL and included a description of the apparatus and the method of procedure. 
The tests in both experiments followed the same general routine, and in each case 
the same frame was used with the same kind of sash, namely, double hung wooden 
sash, 2 ft. 8 in. by 5 ft. 2 in. by 13/g in. 

The principal facts brought out in the first report were that increasing the crack 
around the perimeter of a plain sash did not materially increase the leakage, and 
that weather-stripped sash, while permitting much less leakage, showed a small 
increase in leakage with increase in crack. These facts were established by making 
several hundred tests. The present report deals with the effect of increasing the 
width of the stile, that is, increasing the clearance. 

Fig. 1 illustrates what is meant by crack and clearance. The crack around the 
sash perimeter is equal to one half the difference between the width of the frame 
and the width of the sash, that is, the crack is the same on each side of the sash. 
The clearance is the difference between the width of the stile and the thickness of 
the sash. These terms are chosen arbitrarily to distinguish the two principal 
air passages which are found in double hung windows, and they will be used fre- 
quently throughout the report and should not be confused. 


In fitting the sash for these tests it was discovered that they were thicker than 
those used in the first tests, which led to an investigation as to the actual thickness 
of the sash in each case. All of the sashes were measured with calipers, and it was 
found that those used for the tests in the first report were 1?!/« in. thick while 
those used in the new tests were 1°/, in. thick. The stile previously measured 
was 17/;,in. in width. In view of this information a statement made in the first 
report must be corrected, which was that the difference between the width of the 
stile and the thickness of the sash was '/1. in. when it was actually 7/4 in. This 
difference in clearance is probably due to manufacturing practices, as some mills 
use the specified dimension for the thickness of the sash while others use it for the 
width of the stile. 

1 Research Engineer, A.S.H. & V.E. Laboratory. 
Copyright, 1924, AMERICAN SocrETy OF HEATING AND VENTILATING ENGINEERS. 
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In order to test the effect of different clearances it was necessary to have stops 
that could be moved to any desired distance from the parting bead. Therefore 
the stops were removed and slots cut in them so that they could be screwed to the 
frame to give a maximum of !/, in. clearance. Known clearances were obtained 
by strips of cold rolled steel of convenient thicknesses, and these strips were mea- 
sured with a micrometer to determine their exact dimensions. A strip of a thick- 
ness equal to the desired clearance was inserted between the sash and the stop, 
the whole pressed firmly against the parting bead, and the stop screwed on in 
position. The strip was then removed, and in this manner any desired clearance 
was obtained. When weather stripping was used it held the sash’against the part- 


ISS 
Dea Aa 


Y=) 












































A-B = CLEARANCE 
C =CRACK 








Fic. 1. D1acrRam ILLUSTRATING 
CRACK AND CLEARANCE 




















ing bead, so that the clearances could be obtained in the same manner. The cracks 
around the stop were sealed to prevent leakage through them. 


Procedure 


Four sets of sash were fitted with cracks of '/15, 1/s, ?/1s and '/, in. Each set 
was tested with clearances varying from 1/3 to 1/, in. Each test was repeated 
a number of times because no two tests gave exactly the same leakage, and it was 
necessary to obtain average results. Before duplicating any test the window was 
opened and closed, and the stops were removed and then returned to as nearly 
the same position as possible. The weather-stripped sashes were tested in the same 
way. 


Plain Window 


Fig. 2 gives the results of tests of a plain window with various clearances. The 
tests proved that the size of the crack around the perimeter of the sash has no 











XUM 











XUM 


Arr LeakaGe ArounD WinpDow OpeEntnes, C. C. SCHRADER 315 


appreciable effect on the leakage. Therefore the results apply to any window of 
the type tested with a crack of from '/1 to '/, in. In practice most new sashes 
are fitted with the crack at least 1/15 in., and this crack becomes greater as. the 
sash dries out and shrinks. It should be clearly understood that each curve is 
the average obtained from a number of tests, and the results of any one test may 
vary from the given curve by four or five per cent. The figure shows that the 
leakage increases rapidly with increase in clearance. 

Fig. 3 is obtained from curve 4 in Fig. 2 and is drawn to show the relation of 
leakage to wind velocity. The graph thus drawn shows a slight double curve, 
but it is seen that it varies but little from a straight line. In some cases the double 
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Fic. 2. LEAKAGE THROUGH PLAIN WINDOW WITH VARIOUS CLEARANCES 


curve is more pronounced but the curve does not reverse until the velocity has 
reached twenty-five or thirty miles per hour. Hence no great error is introduced 
by taking any point on the leakage curve below thirty miles per hour, to determine 
the leakage per mile of wind velocity. 

Since the velocity used in most calculations of window leakage is about fifteen 
miles per hour, or approximately '/1 in. water pressure, values at these points 
were taken from the curves in Fig. 2 and plotted against clearance. Fig. 4 was 
thus obtained. It is seen that a straight line passes close to all these points, and 
that the variation from the points plotted will be within the limits of the above 
variation of the original tests. The line drawn does not pass through zero leakage 
for zero clearance, and therefore the leakage will not vary in direct proportion to 
the clearance, which is to be expected because the surfaces of the window are not 
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perfectly true, and regardless of how closely they are held together some leakage 
will always occur. If the sashes were not free to move with the pressure of the 
wind and were always held in the middle of the stile, a direct ratio of leakage to 
clearance would be expected. However the movement of the sash introduces 
a variable element, and it is difficult to determine its effect. It must be remembered 
also that the leakage at zero clearance is not the elsewhere leakage. The conditions 
for determining the elsewhere leakage require that certain openings around the 
sash be sealed so that no leakage will take place through them, whereas regardless 
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of how tightly the sash fits between the stops some leakage will occur through 
these openings due to the uneven surfaces caused by warping and so forth. (For 
determination of elsewhere leakage refer to first report mentioned above.) It 
is probable that the elsewhere leakage, particularly through the pulley holes, 
increases as the clearance is made greater, but the increase is too small to be differ- 
entiated from the variation that may take place in two tests of the same condition. 

From the standpoint of the heating engineer the most convenient terms express- 
ing infiltration are cubic feet per hour, per foot of crack, or per mile of wind ve- 
locity. Using these terms the infiltration for any room can be easily computed 
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by multiplying by a constant depending on the wind velocity and the number 
of feet of crack. Fig. 5 was obtained by expressing the values in Fig. 4 in these 
terms. 


Weatherstripped Windows 


In the first report it was shown that the leakage through a weather-stripped win- 
dow increased as the crack was made larger. Fig. 6 shows what happens when the 
crack is kept constant and the clearance increased in a window with the interlocking 
type strip applied. The increase in leakage with increase in clearance is probably 
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due to greater leakage through the pulley holes which is caused by decreased 
resistance in the path of the air to the pulley holes. This evidence supports further 
the statement previously made that the elsewhere leakage increases slightly as 
the clearance decreases. In fact, it is the only explanation that can be found 
for the increase in leakage since the sash is held against the parting bead in the 
same position by the weatherstripping, all other openings around the sash remain- 
ing the same. The increase in leakage is quite pronounced until the clearance 
becomes equal to the crack, after which the increase is not so rapid. Fig. 7 illus- 
trating this point shows the leakage through windows with the interlocking type 
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weatherstrip for all the cracks and clearances tested. Fig. 8 gives similar data 
for windows fitted with rib type weatherstrip. A comparison of the two figures 
brings out the greater consistency in results obtained with the interlocking type 
of strip, which is to be expected, as this type of weatherstrip holds the sash in 
the same position at all times. With the rib strip the sashes are free to move from 
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side to side a distance depending on the size of the crack, and since it is impossible 
to return them to exactly the same position after each test the results become more 
varied. This change of position of the sash often causes the leakage with a small 
clearance to be greater than that with a larger clearance, for a slight change is 
sufficient to affect the difference. This fact is particularly true when the crack 
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is large and permits considerable divergence from the previous position of the 
sash. 


It is not the purpose of this report to draw a comparison between the relative 
values of different types of weatherstripping. However, some explanation is 
necessary to understand thoroughly the conditions under which these tests were 
conducted so that comparison may be made with other data on the subject. Con- 
cerning the interlocking type of weatherstrip all that needs to be mentioned is 
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Fic. 6. LkAKAGE THROUGH WEATHERSTRIPPED WINDOW WITH VARIOUS 
CLEARANCES 


that it has metal members on both the sash and the frame, and they are so con- 
structed that one fits into the other. The rib type strip has one metal member 
fastened on the frame which fits into a groove ploughed in the sash by the carpenter 
applying the strip. The width of this groove in comparison with the width of the 
metal member may be the determining factor in the leakage through a window 
to which this type of strip is applied. In this instance the rib was '/ in. wide 
and the groove '/s in. wider. De Volson Wood (A.S.M.E. Transactions, Vol. 10) 
gives the lateral expansion of white pine as 2.6 per cent from dryness to saturation. 
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With the groove °/x in. wide a variation of 0.004 in. in width is given from one 
extreme to the other. Though most sashes at the present time are made of some 
less expensive wood, such as cypress or spruce, it is probable that the expansion 
of either would not be much greater than white pine. Therefore the clearance 
allowed here would be ample in any case. 


No tables of leakage are included in this report because any values desired can 
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easily be found from the curves. Another reason is that the most important factor 
in the problem of infiltration has been the subject of much discussion and is not 
yet definitely determined. This factor is the clearance of the average window 
after it has been in service a sufficient length of time to have reached its final 
condition in regard to shrinkage which is a question for architects and heating 
engineers to decide. A simple solution to the problem can be obtained by actually 
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measuring and then averaging the clearances of a sufficient number of windows 
in buildings which are at least five years old. Different results would probably 
be obtained for sashes of different thicknesses because, although most windows 
leave the mill with the same clearance, those made of heavier wood will shrink 
more. Data obtained from twenty large manufacturers of windows have shown 
that almost all sashes from 1°/s in. to 2'/2 in. thick are allowed !/15 in. clearance. 
It remains to be decided what the final clearance will be when the sashes have 
thoroughly weathered and dried. 

The importance of the increase in clearance is shown by the following example: 
The capacity of a room 14 x 12 x 10 ft. is 1680 cu. ft. With two windows such 
as those tested there would be 36.67 ft. of crack. From Fig. 5 the leakage for 
1/¢ in. clearance is 6.6 c.f.m. per ft. of crack per mile of wind velocity. Assuming 
a 15 mile wind, the infiltration would be 6.6 x 36.67 x 15 or 3630 cu. ft. per 


hr., or anh = 2.16 air changes per hr. If the clearance increases to '/s in. the 


leakage increases to 11.2 cu. ft. per hr. per ft. of crack per mile of wind velocity. 
The infiltration would then be 11.2 x 36.67 x 15 or 6160 cu. ft. per hr., and the 
number of air changes would be increased to 3.66 per hr. 

It must be remembered that in all these tests the crack between the frame and 
the setting was sealed, and this practice being easily done has become more and 
more common, and it has prevented considerable leakage, and thereby effected 
& saving in radiation surface and fuel. 
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FLOW OF STEAM AND CONDENSATION AS 
AFFECTED BY HIGH PRESSURES, HORIZONTAL 
OFFSETS AND VALVES 


By Louis Esin! anp R. L. Lincoun,? Pirrsspureu, Pa. 


NON-MEMBERS 


ATA contained in this article represent what has been gathered on Critical 
D Velocities of Steam and Condensate Mixtures, since the last paper pre- 

sented at the Annual Meeting of the American SocteTy oF HEATING AND 
VENTILATING ENGINEERS in New York City, January 1924. It covers three 
main factors of the general program: 

A. Effect of high pressure on maximum velocity. 

B. Effect of valves on maximum capacity. 

C. Effect of horizontal offsets on maximum velocity. 


Effect of High Pressures on Maximum Velocity 


The work upon flow of steam in pipes with counterflowing condensate thus far 
conducted and reported (Journau A. 8. H. &. V. E., September 1922, January 
1923, and February 1924), has all been done at practically atmospheric pressure. 
The actual range of pressures used was from zero to 4.0 in. water. In the greater 
number of cases all the required information was found before a pressure of 1 in. 
had been reached. Stating this a slightly different way the actual pressure differ- 
ence existing in the system, at the point of maximum velocity, was found to be 
less than 1 in. of water. During all these tests the back of the radiator was open 
to the atmosphere and was therefore under atmospheric pressure. The capacity 
of the radiator was always much greater than the capacity of the pipe being tested, 
no steam escaping from the open radiator. 


By using this method, that is, by conducting all tests at exceedingly low pressures 
and keeping the radiator open to the atmosphere, a very close regulation of the 
pressures and pressure differences could be maintained. This was very advan- 
tageous in obtaining characteristic curves of the relation of both velocity and 
capacity to the pressure and pressure differences existing in the system. This 
method was also of great aid in determining the exact point on the pressure ve- 
locity curves at which maximum velocity occurred and in noting the phenomena 
and effects taking place in the pipe throughout the range of pressure differences. 
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Pressures as low as those used in our tests are not practical in actual installations; 
the pressures used in practice may go as high as 10 lb. gage. It was therefore 
decided to run a series of tests at higher pressures to note if possible the effect of 
variation in pressure upon the maximum velocity. Tests were run at pressures 
varying from slightly above atmospheric to 3 lb. inclusive, which was the limit of 
the equipment. 

The equipment used in these tests was practically the same as that described 
in detail in the previous reports. There is, however, one difference between the 
tests conducted at atmospheric pressure, and those at higher pressures, that should 
be noted. Instead of keeping the radiator open to the atmosphere, an air valve 
was installed at the back of the radiator about one-third of the distance from the 
top as indicated in Fig. 1. 

Flow of steam in a system is proportional, not to the header or boiler pressure, 
but to the pressure difference existing in the system. As has been previously 
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STEAM CONN: 


Fic. 1. D1aGRAM oF RADIATOR CONNECTIONS FOR TESTS USING 
HiGH PRESSURE STEAM 


shown the pressure difference, at which the maximum velocity is obtained, is very 
small. In a system closed to the atmosphere the maximum velocity is determined 
by the pressure difference existing in that system. Furthermore in a system closed 
to the atmosphere, the pressure difference is fixed, depending upon the size of the 
radiator and pipe. For example, the maximum velocity for a 1 in. vertical pipe 
is obtained at a pressure difference of approximately 0.5 in. of water. If the size 
of the radiator is such that the pressure difference is smaller, the maximum velocity 
of the system will be smaller, or in other words, the pipe will not be able to deliver 
its maximum capacity. If the size of the radiator is increased so that a much 
greater pressure difference exists than that at which the maximum velocity is 
obtained, intermittent flow, water hammering, surging and so forth will result. 
Thus, to obtain the most effective, smooth and uniform operation, there must be 
such a relation between the size of the pipe and the size of the radiator, that the 
proper pressure difference will exist in the system. 

In the tests upon the effect of high pressures it was necessary to vary the con- 
densing power of the radiator from below the maximum to slightly above. Several 
methods were used to accomplish this. Water was sprayed over the radiator and 
the amount increased or decreased as required. A fan was used part of the time 
and the amount of air blown over the radiator was varied. A water glass was 
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connec:ed at the back of the radiator, so that the amount of water collected in 
the radiator could be measured at any time. The pressure in the radiator was 
measured by a mercury U-tube also connected at the back as shown in Fig. t. 


CAPACITY OF PIPE IN 1000 BTU. PER HOUR 





PRESSURE OF STEAM IN LBS. GAUGE 


Fic. 2. VARIATION IN CAPACITY OF A PIPE WITH VARIATION IN PRESSURE 


The results of the tests are given in Table 1 and the chief point of importance 
is the comparison between the maximum velocities obtained for the high pressure 
tests with closed radiators and the tests with very low pressures and open radiators. 
These comparisons are shown in the last three columns of the table. From the 
last column it may be noted that the maximum variation between the two condi- 
tions in all the tests was 10.1 per cent. When it is considered that this variation 
is but 1.6 ft. per second, and that the velocity varies greatly with a slight change 
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of pitch at the horizontal conditions, it may be seen that this variation is within 
the limits of accuracy of the conditions tested. Furthermore if the pressures in 
the header are compared with those in the radiator, it is noted that there are no 
differences indicated. The small pressure differences existing could not be mea- 
sured by the mercury U-gage used. These results show that the maximum ve- 
locity is independent of the pressure in the system but is rather proportional to 
the pressure difference. 
The velocity of steam in a pipe may be expressed by the equation: 
Ria W X 12 x 12 ” W (1) 
60 xX 60 xX dX A 25 Ad 
where V = velocity of steam in feet per second. 
W = weight of condensate in pounds per hour. 
A = inside area of pipe in square inches. 
d = density of steam in pounds per cubic foot. 








D = DIAMETER-VALVE SEAT OPENING 
L=UFT OF DISC 


Fic. 3. D1acGRaM oF Disc Type oF ANGLE VALVES 


The density of the steam d is a function of the pressure, (assuming dry and 
saturated steam) and increases with the increase of pressure. Thus from (1) as 
the pressure increases, if W is constant V must decrease, or if V does not change 
W must increase. To determine which of the two is constant and which changes, 
tests were run on a 1 in. diameter pipe at pressures varying from atmospheric to 
3 lb. gage. The position of the pipe was kept constant. The results of the tests 
are given in Table 2. From this table it may be seen that the maximum condensate 
increases slowly as the pressure increases. The maximum velocity however re- 
36.15 — 34.30 


36.15 or 5.1 per 


mains practically constant, the greatest variation being 


cent. 

Since the actual pounds of steam carried by a pipe will increase as the pressure 
increases it is of interest to know the capacity of a pipe in B.t.u. as the pressure 
varies. At the same time that the density of the steam increases with the pressure 
the latent heat of vaporization decreases. However it decreases at a much slower 
rate than the density increases. The result is that the capacity of a pipe in B.t.u. 
will increase materially with the pressure. This is shown graphically by the curves 
in Fig. 2, and also by Table 3. For example, from Table 3 the increase in density 
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of the steam from atmospheric pressure to 10 lb. gage is 62 per cent, the decrease 
in latent heat is only 2 per cent. The result is a gain of 60 per cent in the B.t.u. 
transmitted at a pressure of 10 lb. over that transmitted at atmospheric pressure. 

There is one other point that was noted in connection with the high pressure 
tests that may be of interest. In a number of the tests that were conducted with 
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Fic. 4. RESULTS OF TESTS ON ANGLE VALVES 


the air valve on the radiator it was noted the region directly below the air valve 
and for some distance back, Fig. 1, was cold. In other words, air being heavier 
than steam, this region was simply air bound. From this it would seem that the 
efficiency of a radiator might be improved if the air valve was placed as low as 
is consistent with its safe working. 


Effect of Valves upon Maximum Capacity 


A series of tests was run on valves of various types and sizes to determine the 
factors that affect the flow of steam through a valve. Tests were run on (1) angle 
valves, (2) globe valves and (3) gate valves, in sizes from */, to 11/2 in. inclusive. 
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The results show some interesting facts and some points that should be of assistance 
in designing and using valves for single pipe work. All the valves tested were 
bought in the open market and include several different makes. 

Angle Valves. Fig. 3 shows a diagram of the disc type of angle valve as used 
in the tests. This type of valve is very extensively used where it is necessary to 
place a shut-off valve at a right angle turn in the steam line. Perhaps the com- 
monest type is the angle radiator valve. The tests on the angle valves were all 
made with the pipe in a vertical position and the valve connected to the radiator 
by a short nipple. 

The main factors that affect the flow of steam through an angle valve are as 
follows: 

1. Lift of the dise or circumferential area. 
2. Area of seat opening. 
3. Resistance of valve or valve friction. 

Effect of circumferential area on maximum velocity. Fig. 4 shows the results of 
the tests upon the 1'/, in. pipe and valve. The velocities through various parts 
of the valve and pipe are plotted against the circumferential area in square inches. 
The circumferential area is a direct function of the lift of the disc, being the product 
of the lift of the disc and the circumference of the valve seat opening, and thus 
the curves will vary in exactly the same manner for the lifts of the disc. These 
curves are typical in form for angle valves of all sizes tested and will therefore serve 
as a study of the velocities through angle valves in general. 

As the valve is first opened one turn, for example, the area of the circumferential 
opening is so small and the resistance is so great that the capacity in pounds per 
hour is very low. In other words this portion of the valve opening is very ineffec- 
tive. This will be even more apparent for valves that have the loose or removable 
disc. These valves always have some play in the movement of the disc decreasing 
the effective area very considerably at small openings. 

As the valve is opened further the velocity and capacity will increase rapidly, 
practically in a straight line or directly proportional to the circumferential area. 
This procedure will continue until the ratio of the capacity to the circumferential 
area is naximum, at which point the velocity through the valve circumference will 
become maximum. 4s the valve is still further opened the capacity will continue 
to increase but at a reduced rate, and since the circumferential area is increasing 
at a constant rate the velocity through the valve circumference will decrease. 
The velocity curves through the valve seat opening and pipe will tend to flatten 
out until a point is reached at which the circumferential area is slightly greater 
than the valve seat area. At this point the capacity of the pipe and valve, and the 
velocity through the valve seat opening and pipe become maximum. This con- 
dition was found true for all tests on all sizes. As soon as the circumferential 
area of the valve became slightly greater than the area of the valve seat opening, 
the capacity of the system became maximum. Beyond this point any further 
increase in circumferential area did not affect the capacity of the pipe and valve. 

Effect of area of valve seat opening on maximum velocity. In all cases the area 
of the valve seat opening of commercial valves was found to be smaller than the 
area of the correspondingly sized pipe. The area of the valve seat opening varied 
in different sizes and kinds of valves from 98.4 per cent to 82.2 per cent of the area 
of the pipe. There was no definite relation found between the area of the valve 
seat opening and the area of the pipe for different sizes of valves. Consequently 
there is no definite relation between the capacity of a pipe when tested alone, and 
the capacity of a pipe and valve for different sizes. 
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The results of the tests on angle valves are given in Table 4, and are given for 
a maximum lift of the disc. It will be noted that the capacity of the pipe and 
valve is very much lower than the capacity of the pipe alone. The two factors 
that might explain this are (1) decrease in area of valve seat over area of pipe, 
and (2) valve resistance or friction. But while the area of the valve seat opening 
varies from 98.4 per cent to 82.2 per cent of the area of the pipe, the capacity of 
the pipe and valve varies from 95.0 per cent to 63.1 per cent of the capacity of 
the pipe alone. The difference between the two may be attributed to valve 
resistance. 

A series of tests was run to determine the variation in the capacity of a valve 
with the variation in valve seat area. A test was run with the valve seat opening 
a certain area and the maximum capacity determined. The area of the valve 
seat opening was then increased and the test repeated. The results of these tests 
are shown in Fig. 5. It may be seen that the capacity of the valve increases di- 
rectly as the area, the curves flattening out as the area of the valve seat opening 
approaches the area of the pipe. If the area of the valve seat opening is increased 
still further, the capacity instead of remaining constant will decrease slightly. 

The work on Hydraulic Experiments with Valves by the University of Illinois 
has brought out the point that there is a definite relation between the lift of the 
disc and the area of the valve at which the resistance isa minimum. Either above 
or below this point the resistance will increase. In our tests the energy in the 
steam to cause flow is maximum when the area of the valve seat opening is equal 
to the pipe area. As the area of the valve seat opening is increased a portion of 
this energy is required to overcome the additional resistance of the valve. Thus 
beyond this point the capacity will decrease slightly. 

It is interesting to note that if the valve used is one size larger than that of the 
pipe, the capacity of this valve and pipe will be practically equal to the capacity 
of the pipe alone. Angle valves of sizes 1, 11/, and 11/2 in. were tested to deter- 
mine this, each with the pipe one size smaller. In all cases the lift of the disc was 
maximum. The results of the tests are given in Table 5. 

The area of the valve seat opening is much greater than the area of the pipe. 
The circumferential area is also much greater. It therefore seems probable that 
the resistance through the valve has become negligible in comparison with the 
pipe resistance. The limiting factor is the area of the pipe, and consequently the 
capacity of the valve and pipe has become equal to the capacity of the pipe alone. 

Valve Resistance. Due to the large number of variables that enter into the flow 
of steam through a valve it is exceedingly difficult to separate the effects due to 
valve resistance. It has therefore been found advisable to treat the subject of 
valve resistance in combination with the other factors. Wherever it is possible 
to separate it or to point out its significance it will be done. 

Globe Valves. Fig. 6 shows a diagram of a typical globe valve as used in our 
tests. Four sizes of this type of valve were tested, */, in. to 1'/2 in. inclusive, 
each in five different positions:— 
valve stem vertical 
valve stem horizontal 


valve stem vertical 
valve stem horizontal 


(1 and 2) pitch of pipe approximately 0 deg. { 
(3 and 4) pitch of pipe approximately 0.40 in. per ft. { 
(5) pitch of pipe approximately 90 deg. 


There is considerable difference between the capacity of a globe valve when the 
valve stem is vertical, and when the valve stem is horizontal as will be shown later. 
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The usual method of placing a globe valve in a line is such that the line pressure 
will be on the under side of the disc when the valve is closed All the valves were 
tested in this position. The direction of the flow of steam is indicated by the 
arrows in the diagram. During all the tests the valve was wide open, that is the 
lift of the dise was maximum. 

The results of all the tests are given in Table 6. The capacity of the valve in 
pounds per hour, and the velocity of the steam through the valve seat opening in 
feet per second are given for each size of the valve, and for each position tested. 
The ratio of the capacity of the pipe and valve to the capacity of the pipe alone is 





VELOCITY OF STEAM IN FEET PER SECOND 


1.3 1.4 


AREA VALVE SEAT OPENING IN SQ. INCHES 


Fic. 5. VARIATION IN CAPACITY OF AN ANGLE VALVE WITH VARIATION IN 
VALVE SEAT AREA 


also given. This ratio is a measure of the efficiency of the valve. The results of 
the tests may be considered under the following divisions: 


1. Effect of the area of the valve seat opening upon the maximum capacity. 


On Fig. 7 the capacities and velocities of the valves tested are plotted against the 
area of the valve seat opening. This area being smaller than either the area of the pipe 
or the circumferential area of the valve is the most important factor in determining the 
capacity of the valve. One separate curve is given for each position of the pipes tested. 
In the tests, when the pipe was in an approximately horizontal position, all conditions 
not being exactly at 0 deg., it was necessary to correct the results and bring them all 
to the same pitch (0°) before they could be compared. 

It is seen from the curves that for the same position of the pipe the capacity varies 
directly as the area of the valve seat opening. The velocity, however, is independent 
of the valve seat area and within certain limits is practically constant at each pitch 
for all sizes tested. ‘The greatest variation is found for the */, valve at the horizontal 
pitches of the pipe. This is due in a large measure, first to the difficulty of obtaining 
an absolutely true 0 deg. pitch, second to the great effect of any small variations in 
pitch, and third to the very small total capacities obtained at the horizontal pitches 

2. Effect of position of valve stem on maximum capacity. 

It is common knowledge and practice that a globe valve should not be set in a 
horizontal line with the valve stem vertical. This fact is emphasized experimentally 
by comparing from Table 6 the results of the tests on the two conditions, valve stem 
vertical, and valve stem horizontal. When the valve stem is vertical the capacity of 
the pipe and valve is reduced to approximately '/; of the capacity of the pipe alone. 
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This reduction in capacity varies from 31.2 per cent to 35.7 per cent and appears to be 
independent of size of valve or pitch of pipe. The exception to the case is the *#/, in. 
valve. However, it has been pointed out that, at very small pitches, the results of the 
tests for */, in. pipe and valve are much more difficult to obtain and are not as consistent 
as for the larger size pipes and valves. 

When the valve stem is horizontal, the per cent of the capacity of the pipe varies 
from 57.6 to 88.3. It now varies with the size of the valve and perhaps to some extent 
with the pitch of the pipe. However, the smallest capacity, with the valve stem hori- 
zontal, 57.6 per cent is practically twice as large as the capacity with the valve stem 
vertical. In general, placing a globe valve in a horizontal line with the valve stem 
vertical will reduce the capacity of the line to 40 to 60 per cent of the capacity with 
the valve stem horizontal. 

8. Effect of size of valves upon maximum capacity. 

Comparing from Table 6 the efficiencies of the globe valves, that is the ratios of 
the capacities of the valves to the capacities of the pipes, it is noted that the values 
run highest for the */, in. valve, decreasing slightly for the 1 in. size. However, for the 


= - aa 
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D=DIAMETER-VALVE SEAT OPENING 
L=UFT OF DISC 


Fic. 6. D1aGRAM oF Typical, GLOBE VALVE 


larger sizes of valves (1!/, in. and 11/2 in.) the drop in the efficiency is much greater, 
which was entirely unexpected, and seemed to indicate that the resistance through 
a valve was greater for the larger sizes. The only explanation that may be offered 
is that the smaller sizes of valves are better proportioned for the flow of steam and 
condensate with as small a loss due to resistance as possible. 

4. Effect of proportions. 

Very little data has come to the attention of the Laboratory on the various factors 
that enter into the loss of head through a valve. There can be little doubt but that 
the proportions of the valve, form, shape of passageways, ratios of lift of disc to valve 
areas and other factors all are very important in determining this loss. 


The results here indicate that for one-pipe work the proportions of the valve 
are more ideally approached, in the smaller sizes of valves (*/; in. and 1 in.) than 
in the larger sizes (1'/, in. and 11/2 in.). This can only be proven conclusively 
by’an exhaustive set of experiments involving all the factors that go to make a 
valve. 

An interesting comparison as to the variation in the capacities and efficiencies 
of valves with the variation in proportions is shown in the tests on two valves of 
the same nominal size but of different makes. Both valves were tested wide open 
and with the pipe in a vertical position. The results are given below: 

Area 
Valve Circum. Area Cond. Lb./Hr. % -—Maximum Velocity — 
i Pipe E Val 


Size Seat Area Pipe - Valve alve 
Inches Sq.In. Sq.In. Sq.In. Valve Alone ciency Seat Circum. Pipe 


Valve A... 3/4 0.4418 0.743 0.5373 12.00 13.54 88.6 29.10 17.2 23.9 
Valve B... 3/4 0.4418 0.357 0.5373 9.30 13.54 68.7 22.60 27.9 18.52 
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The difference between the efficiencies of the two valves is 88.6-68.7 or 19.9 
per cent. In other words valve A will permit 20 per cent more of the capacity of 
the pipe to pass through than will valve B. The area of the valve seat is the same 
for both valves. The circumferential area or lift of disc is, however, much greater 
for valve A than B. Furthermore the body of valve A is larger and with freer 


VELOCITY IN FT PER SEC. 





e 


CAPACITY IN LBS. PER HOUR 


. AREA VALVE SEAT OPENING IN SQ. INCH. 
Fic. 7. REsuLTs oF TESTS ON GLOBE VALVES 


passages than that of valve B. The decreased capacity of valve B may therefore 
be attributed to its very small circumferential area and its greater resistance. 
This test will also serve to bring out the difficulties involved in obtaining reliable 
standards and comparable data. 

Gate Valves. The gate or straightway valve is the most commonly used of all 
valves. In its simplest form a wedge or vertical disc moves up and down in the 
body of the valve either opening or closing it. A diagram*of a typical form of 
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such a valve is shown in Fig. 8. It may be seen from the diagram that the travel 
of the steam, or steam and condensate has no such changes in direction as found 
either in the angle or globe valves. Consequently the resistance through this type 
of valve should be much smaller than for either of the other types. 
Four sizes of gate valves were tested */, in. to 11/2 in., and each valve was tested 
at three different pitches: 
1. Pitch of pipe approximately 0 deg. 
2. Pitch of pipe approximately 0.4 in. per ft. 
3. Pitch of pipe approximately 90 deg. 
From the nature of the construction of the valve the position of the valve stem 
has no effect. As was found for both angle and globe valves the areas of the open- 





D=DIAMETER OF VALVE OPENING 
= SMALLER THAN DIAMETER OF 
CORRESPONDINGLY SIZED PIPE 


Fic. 8. DIAGRAM oF Typical GATE OR 
STRAIGHTWAY VALVE 


ings through the valves are smaller than the areas of the corresponding pipes, 
and in about the same ratios. The results of the tests are given in Table 7. 


There are two main factors which affect the flow of steam through a gate valve 
(1) area of valve opening, and (2) resistance of valve. It has been shown in pre- 
vious reports that for horizontal pipes and especially pipes of small pitches the 
maximum capacity is greatly affected by the pitch, and by the length of the pipe. 
Both of these factors are more pronounced in their effect than the area. In other 
words any small variation in area is negligible in its effect on the capacity. Thus 
it may be seen from Table 7 that, with one or two exceptions, the capacities of the 
valves at the small pitches are practically equal to the capacities of the pipes. 


When the pitch of the pipe, however, is 90 deg. the area has become the main 
factor, and from the table it may be noted that the capacity of the valve and pipe 
varies from 68.6 per cent to 78 per cent of the capacity of the pipe. This variation 
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is partly due to the decrease in the area of the valve over the area of the pipe, and 
partly to the resistance of the valve. If the capacity of the pipe and valve is 
compared to the capacity of a pipe alone whose area is equal to the area of the valve, 
it is seen that the capacity of the valve is approximately 87 per cent of the capacity 
of this pipe. The */; in. valve is the one exception. Thus, for example the ca- 
pacity of a 1 in. valve is 18.78 lb. per hr. The capacity of a pipe whose area is 
equal to the area of a 1 in. valve is 21.5 lb. The valve will then transmit 87.5 
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per cent of the capacity of a corresponding pipe. The remaining 12.5 per cent must: 
be attributed to valve friction. 


General Discussion of Valves 


Table 8 shows a comparison of the three types of valves tested and includes 
the capacity of each valve tested, with the percentage of the capacity of the valve 
compared with the capacity of the pipe. All the results are for a vertical position 
of the pipe. The table indicates that for the two smaller sizes of valves there is 
very little difference in efficiency of the three types of valves. For these sizes 
the results for the angle and globe valves run much higher than was anticipated 
due to the better proportioning of the valves. For the two larger sizes the results 
of the globe and angle valves have dropped materially below those of the gate 
valves. 
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The general average is higher for the gate valves than for the angle valves and 
lower for the globe valves. 


The variation in efficiencies with the size is very pronounced for the globe and 
angle valves but almost negligible for the gate valves. 


TABLE 1. REsuLTS oF Tests Ustinc HicH PRESSURE STEAM 





Maximum 
Maxi- velocity with Per cent 
Nominal Pitch of Header Radiator Maximum mum radiator change 
size of pipe in pressure ressure condensate velocity open to from 
pipe, in. Eagress Ib./sq. in. 1b./sq. in. lb./hr. ft./sec. at phere maxi 
1 90 0.25 0.25— 24.49 30.1 30.1 00.0 
1 90 0.50 0.50— 26.35 31.8 30.1 + 5.8 
1'/, 90 0.50 0.50-- 49.90 34.2 35.2 — 2.8 
1'/, 90 1.00 1.00— 72.58 36.4 38.5 — 5.4 
1/2 — 0.05 1.00 1.00— 27.27 13.7 14.6 — 6.2 
1'/, 0.0833 1.00 1.00— 21.30 14.2 15.8 —10.1 
1 18.0833 1.00 1.00— 31.63 37.2 36.5 + 1.9 


* Note: Per cent change from maximum equals velocity of pipe with closed radiator minus 
velocity with radiator open to atmosphere, divided by velocity with radiator open to atmosphere. 


The valve resistance is greatest for the globe, somewhat less for the angle valve, 
and very much less for the gate valve. 

It is a difficult matter to draw comparisons between results where there are 
so many variables of such different kinds. Perhaps the most important point 
to be indicated by the tests is the need for much more research and a more detailed 
study of valves. There seems to be considerable that is not yet understood in 
the design of valves for best efficiency. 


Effect of Horizontal Offsets on the Maximum Velocity 


It is frequently found necessary in heating practice to offset a riser because of 
obstructions, or frequently required to run a long horizontal connection to a ra- 
diator. What would be the effect of such conditions on the maximum velocity? 
This problem really resolves itself into the effect on the maximum velocity of a 
combined system of horizontal and vertical pipes. It may be solved from the 
data on the flow of steam in pipes of various pitches previously published. 


TABLE 2. Errect oF PRESSURE ON MAXIMUM VELOCITY 
1” steel pipe, 5’0” long—inside diameter = 1.046” 
Pitch of Pipe = 18.08 deg. 


Pressure 
above Density of Maximum Maximum 
atmospheric steam condensate velocity 
Ib./sq. in. Ib./cu. ft. Ib./hour feet/second 
0.00 0.0373 29.00 36.15 
0.10 0.0375 28.59 35.45 
0.25 0.0379 29.25 35.90 
0.50 0.0388 29.77 35.99 
1.00 0.0396 30.25 35.60 
2.00 0.0420 31.15 34.60 
3.00 0.0443 32.58 34.30 


To determine the effect experimentally, three pieces of 1 in. pipe were connected 
together and the combined system tested. Fig. 9 shows a diagram of the position 
of the pipes as tested. The system consists of two vertical lines with a horizontal 
connection. The pitch of the horizontal pipe was varied for different tests. 


The results of the test are given in Table 9. The table shows the pitch of the 
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horizontal line as tested, the maximum capacity in pounds per hour, and the maxi- 
mum velocity in feet per second for the combined system. It also shows the maxi- 
mum velocities for both the vertical and horizontai pipes when tested separately. 

It has been demonstrated in several instances in previous reports that the ca- 
pacity of a system is limited by the capacity of the smallest portion of that system. 
Thus, for example, if the capacity of one part of a system taken singly is 30 lb. 
per hr., while that of another part is but 15 Ib. per hr., the capacity of the combined 
system will be equal to 15 Ib. per hr. 


If the maximum velocity for the combined pipes is compared with that of either 


TABLE 3. VARIATION IN CAPACITY OF A PIPE IN B.1T.U. PER HOUR WITH THE 
VARIATION IN PRESSURE 
Based on Standard Inside Diameter of Pipes 
Pitch = 90 deg. 
Pressure Latent 





steam heat of 
oo ew vapor- -———Maximum capacity. ————— Maximum capacity 
ization ./hr. .t.u./hour 
Ib. vow in, Ib. vy ft. B.t.u./lb. 3/4” a 11/,” 11/2” a/,” 11/,” 11/,” 


0 - 0.0373 970.4 13.45 24.25 49.15 74.03 13,050 23,550 47,650 71,900 
0.0379 969.8 13.68 24.65 50.00 75.3 13,280 23,900 48,500 73,000 
0.0388 969.3 13.87 25.00 50.70 76.5 13,460 24,200 49,150 74,100 
0.0396 968.2 14.29 25.75 52.20 78.65 13,840 24,950 50,600 76,150 
0.0420 966.2 15.12 27.25 55.20 83.30 14,610 26,350 53,400 80,500 
0.0443 964.3 15.97 28.80 58.40 87.90 15,400 27,780 56,300 84,600 
0.0467 962.4 16.84 30.35 61.50 92.70 16,210 29,200 59,200 89,300 
0.0491 960.5 17.70 31.88 64.65 97.50 17,000 30,650 62,150 93,600 

42 

40 


o 
to 
on 


90 on G9 L9H ¢ 


0.0561 955.6 20.20 36. .80 111.30 19,300 34,800 70,500 106,500 
0.0606 952.4 21.85 39. .90 120.4 20,800 37,550 76,100 114,900 


ooooocoon 


— 
ad 


the vertical or the horizontal pipe, it will be found in each case that the maximum 
velocity for the combined pipes will be practically equal to the smaller of the 
other two values. For example, when the pitch of the horizontal line is 0 deg., 
the velocity in the horizontal line is much smaller than the velocity in the vertical 
line, and it will be the limiting factor. Thus the velocity of the combined system 
was found to be 17.8 ft. per second, and the velocity of the horizontal pipe alone 
16.5 ft. per second. The velocity of the vertical pipe alone was 29.8 ft. per second. 


Again when the system was tested with the horizontal pipe at a pitch of 45 deg., 
the velocity through the horizontal pipe was 46.8 ft. as compared with 29.8 ft. 
or the vertical pipe. In this test the vertical pipe became the limiting factor and 
the velocity for the combined system was found to be 30.2 ft. per second. 


The most important points of this report may be summarized as follows: 
Effect of High Pressures 


1. The maximum velocity of the steam in a pipe is independent of the 
pressure existing in the system. 

2. The capacity of a pipe in B.t.u. will increase with the pressure. Thus, 
for example, a pipe will transmit about 30 per cent more B.t.u. at 5-lb. gage 
pressure than at atmospheric pressure. 


Effect of Valves 

1. The capacity of a valve will vary with the size of the valve opening, 
lift of disc, and type of valve. 

2. The area of the valve seat opening in all valves tested was found to. 
be smaller than the area of the correspondingly sized pipe. Consequently 
the capacity of a valve was in all cases found to be smaller than the capacity 
of the pipe. 
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TABLE 4. RESULTS OF TESTS ON ANGLE VALVES 
Nominal Area 


pipe Area valve seat Per cent -—Maximum Capacity— Per cent of 
size of pipe opening of area of Pipe and ipe capacity of 

inches sq. in. sq. in. pipe valve alone pipe alone 
3/4 0.537 0.4418 82.2 9.68 13.52 71.6 
1 0.835 0.822 98.4 22.10 23.30 95.0 
1'/, 1.459 1.258 86.2 30.00 47.5 63.1 
1'/, 1.927 1.773 92.2 46.13 68.5 67.4 


TABLE 5. RESULTS OF TESTS ON ANGLE VALVES WITH VALVE ONE S1zE LARGER THAN 
Size oF PIPe 


Pitch of Pipe = 90 deg. 








Area in Sq. In. Capacity in lb./hr. Per cent of 
Nominal Size Inches— Valve seat Pipe Pipe and capacity of 
Pipe Valve Pipe opening alone valve pipe alone 
3/4 1 0.5373 0.822 13.52 13.33 98.6 
1 1!/, 0.835 1.258 23.30 24.58 100.0 
11/4 1!/, 1.459 1.773 47.50 46.38 97.5 
TABLE 6. RESULTS oF TESTS ON GLOBE VALVES 
Pitch = 0 deg. 
-——— —Valve Stem Vertical —~ Valve Stem Horizontal 
Capacity Per cent Capacity 
of of Vel. thru of Per cent Vel. thru 
pipe and capacity valve seat pipe and of valve 
Nominal valve o! opening valve capacity of seat opening 
size Ib./hr. pipe alone ft./sec. Ib./hr. pipe alone ft./sec. 
3/4 1.19 18.00 2.9 6.80 88.1 16.5 
1 3.96 32.95 5.4 9.88 82.2 13.5 
11/, 9.00 34.35 7.8 15.70 60.0 13.6 
1"/s 14.38 33.15 9.1 26.47 61.6 16.7 
3/4 1.38 11.8 3.4 8.83 76.3 21.5 12.00 88.7 29.1 
1 7.73 35.7 10.6 14.06 66.1 19.2 19.00 79.0 25.9 
1'/, 13.20 31.2 11.4 22.88 54.3 19.9 28.44 60.0 24.7 
1'/, 18.81 33.0 11.9 32.00 56.7 20.2 38.91 56.8 24.6 
TABLE 7. RESULTS OF TESTS ON GATE VALVES 
Nominal ——Pitch = 0°—— —Pitch =0.4 in./ft.—. ————Pitch = 90°-——— 
size of Capac- Percentof Capac- Percentof Capac- Per cent of 
pipe Area Area ity of capac- ity of capac- ity of capac- 
and of of pipe and ity of pipe and ity of pipe and _ ity of 


valve pipe valve valve pipe valve pipe valve ipe 
inches sq. in. sq. in. Ib./hr. alone Ib./hr. alone Ib./hr. alone Column A* 


3/, 0.5873 0.4418 5.25 79.4 10.15 85.9 10.55 78.0 97.5 
1 0.860 0.809 12.71 100 22.50 94.0 18.78 78.0 87.5 
11/, 1.459 1.208 28.50 100 33.13 100 32.50 68.6 87.1 
11/, 1.927 1.743 35.00 100 50.93 90.4 52.00 75.9 86.2 


* Column “A” = Capacity of pipe and valve divided by capacity of a pipe whose area equals 
area of valve seat opening. 


3. The maximum capacity of an angle valve was found at a point when 
the circumferential area of the valve was approximately equal to the area of 
the valve seat. Beyond this point any further lift of the disc had no effect. 

4. If an angle valve is used one size larger than the size of the pipe, the 
capacity of the valve and pipe will be equal to the capacity of the pipe. This 
would be one method of obtaining the maximum capacity of a pipe. 

5. A globe valve should never be set in a horizontal line with the valve 
stem in a vertical position. This will reduce the capacity of the valve from 
40 per cent to 60 per cent. 

6. Indications are that the smaller sizes of globe and angle valves le in. 
and 1 in.) are much more efficient than the large sizes (1!/, in. and 11/2 in.). 
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TABLE 8. COMPARISON OF THE RESULTS OF TESTS ON THREE TYPES OF VALVES 


Pitch of Pipe = 90 deg. 
———Globe Valve———. -——-Gate Valve 











Angle Valve 


Nominal Per cent Per cent Per cent 
size Capacity capacity Capacity capacity Capacity capacity 
inches Ib./hr. of pipe alone Ib./hr. of pipe alone Ib./hr. of pipe alone 
3/4 9.68 71.5 12.00 88.6 10.55 77.9 
1 22.10 95.1 19.00 79.0 18.78 78.0 
1'/, 30.00 63.8 28.44 60.0 32.50 68.6 
1'/, 46.13 67.4 38.91 56.8 52.00 75.9 
TABLE 9. RESULTS oF TESTS ON HoRIZONTAL OFFSETS 
Pitch of Maximum -——- Maximum Velocity Feet per Second-—— 
horizontal capacity Combined Vertical Horizontal 
line Ib./hr. system pipe alone pipe alone 
e* 13.83 17.8 29.8 16.5 
0° 13.28 17.1 29.8 16.5 
2.475 in. /ft. 20.94 26.9 29.8 25.4 
2.89 in./ft. 21.25 27.3 29.8 26.1 
4.10 in./ft. 19.53 25.2 29.8 27.1 
29.8 46.8 


45 ° 23.44 30.2 


This is probably due to the better proportioning of the smaller sizes of valves. 

7. In the smaller sizes of valves (*/, in. and 1 in.) there is very little 
difference in efficiency among the gate, globe and angle valves. In the larger 
sizes (1'/, in. and 1'/, in.) the efficiency of the gate will be higher than either 
the globe or angle valves. 

8. The capacity of two different makes of the same size valve may vary 
as high as 20 per cent due to different proportions used in the two valves. 

9. The capacities of valves in general may be increased, first by making 
the area of the valve seat at least equal to area of the pipe, and, second by 
a better study of the proportions of the valves so as to cut valve resistance 
to a minimum. 


Effect of Horizontal Offsets. 


The capacity of a combined system of horizontal and vertical pipes will 
be equal to the capacity of the smallest portion of the system. A horizontal 
offset should therefore be given sufficient pitch so that the capacity of the 
offset will be as close as possible as the capacity of the vertical pipe. 
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INDUSTRIAL VENTILATION PROBLEMS* 
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form the completed work on effective temperature with moving air as deter- 

mined by subjects practically at rest, stripped to the waist, and facing the 
current of air; while the second part it is devoted to industrial applications of the 
experimental facts, for improving working conditions, and thereby increasing the 
output in various industries where adverse heat conditions constitute one of the most 
serious considerations. 

A progress report’ on the work was presented at the Annual Meeting of the 
Society in January, 1924. The report covered in detail, apparatus, methods, and 
results from well below the comfort zone to body temperature. Since then the 
work has been extended to cold temperatures, as well as to temperatures consider- 
ably above that of the body, and this paper contains information from 30 to 170 deg. 
dry-bulb temperature, and supersedes the previous publication. 


4k object of this paper is two-fold. In the first part it presents in a concise 


Test Conditions 


It is not the purpose of this writing to go into preliminaries and details of the tests. 
For such information the reader is referred to the JouRNAL, for February, 1924. It 
is sufficient to say here that the experiments were conducted in two wind tunnels, 
built for the purpose in the psychrometric rooms of the Research Laboratory. 
Temperature conditions in one tunnel with still air were found equally warm or 
equally comfortable to other temperature conditions in the second tunnel with 
moving air, both of the same relative humidity but of different dry bulb tem- 
perature. A number of such equivalent conditions with constant velocity plotted 
on a psychrometric chart constitute a so-called Effective Temperature Line, which has 
the same numerical value as the one drawn through the corresponding equivalent 
conditions with still air. 

* Work cairied out in conjunction with the U.S Bureau of Mines of its Pittsburgh Experiment 
ae Engineer, A.S.H.&V.E. Research oer. 

? Research Assistant, A.S.H.&V.E. Research Labora’ 

he . Effect on Human Beings Produced by Seales, hir Velocities, by F. C. Houghten and C. P. 
be Copyright, 1924, American Society OF HEATING AND VENTILATING ENGINEERS. 
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General Characteristics and Relation of the Effective Temperature Lines to Dry- and 
Wet-Bulb Temperature 


Three psychrometric charts with effective temperature lines from 30 to 115 deg. 
superimposed are shown in Figs. 1, 2, and 3 for velocities of 150, 300, and 500 ft. 
per min., respectively. As a distinguishing feature, the lines are drawn heavy 
and not extended down to the base line, but stop at the lowest humidity obtained in 
the tests, in the proximity of which is given their numerical values as fixed by those 
of the corresponding effective temperature lines for still air. The latter are shown 
by the straight lines of medium thickness in contrast to the wet-bulb lines which 
are the thinnest on the chart. 

It will be observed that unlike the effective temperature lines with still air, the 
lines for moving air are not straight all over the chart, but are distinctly curved for 
temperatures from above the comfort zone to body temperature. At low tempera- 
tures the effect of the wind is to increase heat loss by evaporation and convection. 
The result is that the surface of the body becomes dry, and the body approaches 
the thermal properties of a dry-bulb thermometer, as shown by the effective tem- 
perature lines becoming straight and parallel to the dry-bulb lines. At high tem- 
peratures, when the surface of the body is completely wet with perspiration, the 
effect of the wind is to change the temperature of the surface so that it approaches 
the wet-bulb temperature of the air. The latter thus becomes the predominant 
factor of the severity of exposure, and the effective temperature lines flatten out 
and become parallel to the wet-bulb lines. 

For intermediate temperatures the degree of wetness of the body surface varies 
from an appreciable state of perspiration at high to insensible perspiration at low 
humidities. This property of the human body causes the heat loss by evaporation 
to vary due to air motion, depending upon the amount of moisture available, as a 
result of which the lines curve downward with decreased humidities. 

No marked change is observed in the curvature of the lines with increased ve- 
locities, but they become steeper as the velocity increases for reasons previously 
discussed. 


Determining Effective Temperature 


The effective temperature of a condition is determined by the line passing through 
the point of intersection of the dry-bulb and wet-bulb temperature on the chart 
corresponding to the velocity of the air. The difference between the effective tem- 
perature of the condition with still air and that with the given velocity, is a measure 
of the cooling produced by the particular movement. Similarly, the difference be- 
tween the dry-bulb temperature of the condition and the dry bulb of the correspond- 
ing equivalent condition with still air gives the cooling in degrees dry-bulb tempera- 
ture. 

Assuming air at 80 deg. dry bulb and 71 deg. wet bulb moving at a velocity of 
300 ft. per min., Fig. 2 shows that the effective temperature will be 67 deg.; the 
effective temperature with still air 74.7 deg.; the cooling produced by air motion 
74.7 deg. —67.0 deg. =7.7 deg. effective temperature; the dry-bulb temperature of the 
equivalent condition with still air 71.0 deg.; and the cooling in degrees dry-bulb 
temperature 80.0 deg. — 71.0 deg. = 9.0 deg. 

The cooling produced by any velocity varies with both dry- and wet-bulb tem- 
peratures. For ordinary temperatures it is maximum at saturation and minimum 
at low humidities, due to the fact that in the latter case the capacity of air for ab- 
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sorbing moisture is so great that all the moisture available on the surface of the body 
is evaporated without the aid of air motion. At saturation the greater part of the 
cooling results from increased convection due to the lower temperature. As the 
current of air comes in contact with the body its temperature is increased to a point 
where it is no longer saturated, so that there is a certain amount of cooling by evap- 
oration, even at saturation, as long as the temperature of the air remains below that 
of the body. These facts also explain the increasing slope of the effective tempera- 
ture lines with velocity. 


Variation of Cooling of Moving Air with Temperature 


Considering next the variation of cooling with temperature, it can be stated, in 
general, that it is a function of the difference in temperature between that of the 
body and its atmospheric environment. As this difference in temperature decreases, 
cooling due to air motion also decreases, and when the two temperatures are 
identical the effect of the wind becomes zero. The implication here is that there 
are certain conditions of temperature and humidity at which air movement pro- 
duces no change in the thermal state of the body. These neutral conditions are 
represented in Figs. 1, 2, and 3 by the upper dotted line passing through the points 
of intersection of the various effective temperature lines for moving air with their 
corresponding lines for still air. 

It is of interest to note that the neutral line constitutes the border line separating 
the cooling zone below from the heating zone above. The magnitude of wind 
changes to some extent the position of the neutral line; the greater the velocity 
the lower its position. At saturation, when. the body and air attain the same 
temperature, the neutral line passes a little below the 100 deg. mark, depending 
upon the velocity of the air. For lower humidities it becomes practically parallel 
to the wet-bulb lines approaching the 100 deg. wet bulb for a velocity of 150 ft. 
per min., and the 98 deg. for 500 ft. per min. 

In general it can be stated that air motion produces cooling as long as the wet- 
bulb temperature is below body temperature irrespective of whether the dry bulb 
is 100 or 170 deg. The amount of cooling is rather small and indicates that air 
movement, at these high temperatures, effects an excess of heat loss by evapora- 
tion over that gained by radiation and convection. The human body, however, 
does not become a perfect wet bulb, and this heat gain is probably responsible for 
the divergence of the effective temperature lines from the wet-bulb lines. 

Above the neutral line the effective temperature lines are straight, and for a 
velocity of 500 ft. per min. they become parallel to the wet-bulb temperature lines at 
an effective temperature of 115 deg., when the human body attains the thermal prop- 
erties of a wet-bulb thermometer. For the lower velocities the corresponding tem- 
peratures are higher; the lower the velocity the higher the temperatures at which they 
become parallel to the wet-bulb lines approaching the limit of 132 deg. for still air. 


Results Above Critical Temperature 


Although impractical yet it is of interest to know what happens beyond this 
critical temperature. A few observations with 500 ft. velocity show that at an 
effective temperature of about 120 deg. the lines still run parallel to the wet-bulb 
lines. Theoretical considerations point also to this effect. 

Similarly in the cool region of the chart there is a definite temperature for every 
air velocity at which comfort is independent of wet-bulb or relative humidity. 
These critical temperatures are 69, 63, 55, and 32 deg. dry bulb and correspond 
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to 49, 45, 40 and 32 deg. effective temperature for velocities of 500, 300, 150 and 0 
ft., respectively. Below this temperature the lines slope in the opposite direction 
indicating a reversal in the effect of humidity. In other words, for the same dry- 
bulb temperature the higher the humidity the cooler the condition, and vice versa. 

No curvature in the lines could be detected in this region of the chart, and the 
effect of wind is to change the slope and position of the lines. The higher the ve- 
locity the greater the slope and the higher the temperature at which dry bulb be- 
comes the only index of comfort. 


The dotted loop in the lower part of the charts constitutes another heating zone 
resulting from the failure of the body to supply the moisture demanded for evapora- 
tion. It was observed during the tests that within this loop the surface of the body 
was comparatively dry, and that the current of air effected appreciable heating on 
the exposed parts of the body. 

From the above it is concluded that the amount of perspiration available for 
evaporation plays a very important part in the cooling produced by air movement 
and in the curvature and slope of the lines. It was observed that inducement of 
sweat through muscular exercise at high temperatures and very low humidities 
effected a marked cooling in the presence of wind, as a result of which the effective 
temperature lines swung upward toward the wet-bulb lines, and the lower heating 
zone disappeared completely. 


Variation of Cooling with Velocity 


The charts previously discussed show the general tendencies and characteristics 
of the effective temperature lines for constant velocities, and their relation to the 
principal physical qualities of air. To study the variation of effective temperature 
and cooling with velocity Figs. 4 to 8 have been prepared for constant humidities 
of 20, 40, 60, 80, and 100 per cent, respectively. These charts give the effective 
temperature with any velocity from zero to 700 ft. per min., and also the cooling 
both in degrees effective temperature and dry bulb, resulting from the movement of 
the air. 

The effective temperature lines are shown by the curved lines spaced in 2-degree 
intervals, and are determined from the dry bulb, relative humidity, and velocity 
of air. The relative humidity is marked at the top of each chart. On the right is 
given the scale of dry-bulb temperature, while on the left, the zero velocity line 
constitutes the scale of effective temperature. The effective temperature of any 
condition is determined by passing from the point of intersection of the dry-bulb 
temperature and velocity parallel to the curved lines to the scale at the left. 
The effective temperature of the condition with still air is read on the same scale 
by passing horizontally from the point of intersection. The difference between the 
two values represents the cooling produced by the particular velocity. 

To find the cooling in degrees dry bulb, follow the effective temperature line of the 
condition to zero velocity and read the corresponding dry-bulb temperature on the 
scale on the right. The difference between the dry bulb of the given condition 
and that found is the cooling in degrees dry-bulb temperature. 

As an example of the use of the charts assume a condition of 80 deg. dry bulb, 
60 per cent relative humidity, and 300 ft. velocity. From Fig. 6 it is found that 
the effective temperature will be 66.5 deg., the effective temperature with still air 
74 deg., and the cooling produced by the movement of the air is 74 deg. — 66.5 deg. 
= 7.5 deg. effective temperature. The dry-bulb temperature of the equivalent 
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condition fer still air is 71.2 deg. and the cooling in degrees dry-bulb will be 80.0 deg. 
— 71.2 deg. = 8.8 deg. 


If it is desired to find the velocity required to reduce the original condition to 
64 deg. effective temperature, pass horizontally from the dry-bulb temperature of 
80 deg. to the left until the 64 deg. effective temperature line is crossed. Then 
read vertically down from this point of intersection the velocity value of 450 ft., to 
which the air movement must be increased for maximum comfort. In cases where 
the humidity is not represented in the charts, the values can be interpolated between 
the next higher and lower humidities. 


The variation of cooling with velocity and temperature is shown by the change 
in the curvature and slope of the lines. It is of interest to note that doubling the 
velocity does not double the cooling, but low velocities are considerably more 
efficient than high. In other words, the increase of cooling with velocity is greater 
for low velocities and decreases as the velocity increases. Above 300 ft. per min. 
cooling becomes practically a straight line function of velocity. Because of this 
fact the effective temperature lines were extended dotted to 700 ft., although the 
highest velocity employed in the tests was 500 ft. per min. 


Similarly, no data was obtained for velocities between zero and 150 ft., but the 
best fitting curve was passed through the experimental points. It will be observed, 
that at low temperatures and velocities there is considerable curvature in the lines 
as drawn. As the temperature increases the curvature becomes less pronounced 
until at the neutral conditions the lines become perfectly straight and horizontal 
indicating no change in the thermal state of the body. Above the neutral condi- 
tion the slope and curvature of the lines increase in the opposite direction, indi- 
cating the heating effect of wind. 


This uniform variation probably indicates that there is no abrupt change in the 
curvature of the lines. Furthermore, by plotting the effective temperature values 
for 50 ft. velocity, as obtained from the charts, against dry-bulb temperature for 
constant relative humidity it was found that the curves were very similar and 
showed a definite relation to those plotted for the velocities employed in the tests. 
The values given by the curves for velocities between zero and 150 ft. can therefore 
be taken as sufficiently accurate for practical purposes. 


Table for Determining Effective Temperature 


For practical use Table 1 has been prepared, from which the information given 
in the various charts can be obtained either directly or by interpolation. Given 
the’ dry- and wet-bulb temperature, and velocity of a condition, the relative humid- 
ity is first determined from the auxiliary table on the left. This value is then found 
in the proper velocity column, and the effective temperature is read by passing 
vertically down to the given dry-bulb temperature. In a similar manner the ef- 
fective temperature for still air is found, and the difference between the two is the 
cooling in degrees effective temperature. The cooling in degrees dry bulb is the 
difference between the given dry bulb and that of the equivalent condition for still 
air. The latter is found by passing vertically upward from the effective tempera- 
ture with still air to a value equal to that of the given condition, and reading the 
corresponding dry-bulb temperature in the first column of them in a table. For 
humidities and velocities not given in the table the data can be interpolated be- 
tween the next higher and lower values. 


Example: Given 85 deg. dry bulb, 74 deg. wet bulb, and 200 ft. per min. velocity, 
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find: 1. The effective temperature of the condition. 2. The cooling produced 
by air motion. 3. The velocity necessary to reduce the condition to 69 deg. ef- 
fective temperature. 
1. The relative humidity obtained from the auxiliary table is 60 per cent. 
From this value at the top of the 200 ft. velocity column pass vertically 
down and read 73.5 deg. effective temperature, corresponding to the dry bulb 
of 85 deg. 


2. In a similar manner read 78 for the effective temperature with zero 
velocity. The desired cooling will be 78.0 deg. — 73.5 deg. = 4.5 deg. 
effective temperature. From the value of 78 pass vertically upward and 
find 73.9 and 73.1, the nearest values to 73.5deg. The corresponding dry- 
bulb temperatures are 80 deg. and 79 deg. respectively, or 79.5 deg. for an 
effective temperature of 73.5 deg. The cooling in degrees dry bulb will 
therefore be 85 deg. — 79.5 deg. = 5.5 deg. 

3. From the dry-bulb temperature of 85 deg. pass horizontally to the 
right until 69.3 deg. effective temperature is read at the humidity column 
of 60 per cent. The corresponding velocity of 500 ft. found at the top of 
the column is the velocity necessary to reduce the original condition to 69 
deg. effective temperature. 


Summary of Facts 


1. In general, moving air exerts a cooling effect on the human body as 
long as the wet-bulb temperature remains below body temperature irre- 
spective of whether the dry bulb is 100 or 170 deg. Above body tempera- 
ture air movement increases the discomfort. 

2. For ordinary temperatures maximum cooling from any velocity oc- 
curs at saturation, while above the neutral line maximum heating occurs at 
saturation. 


3. For ordinary temperatures, the higher the velocity the more predom- 
inant factor becomes the dry-bulb temperature as an index to comfort. 
There is a definite temperature depending upon the velocity of air at which 
comfort is independent of wet-bulb or relative humidity. Below this tem- 
perature the higher the humidity the cooler the condition, while above this 
temperature the higher the humidity the warmer the condition. 

4. At high temperatures when the surface of the body is completely 
covered with perspiration the higher the velocity the more predominant 
factor wet-bulb temperature becomes as an index of comfort. 


Applications 


The fundamental laws of the thermal properties of the human body presented 
in the first part of this paper find many applications in the routine of life. During 
the past few years the need for artificially cooling school rooms, theaters, audi- 
toriums, and other occupied spaces in warm weather has attracted considerable 
attention. Many adverse conditions such as those found in factories, mines, and 
steel, iron and glass works produce fatigue and affect injuriously the health of 
those exposed. The economic loss resulting through reduced efficiency cannot 
be over-emphasized, and in many instances it becomes necessary to suspend opera- 
tions because of the inability of men to endure the extreme temperature condi- 
tions. 
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TABLE 1. 
WET-BULB TEMPERATURE 

Relative Humidity 

90% 80% 70% 60% 50% 
29.0 28.0 27.0 26.0 25.3 
34.0 33.1 31.8 30.7 29.4 
38.9 37.6 36.3 35.0 33.8 
43.7 42.2 40.9 39.2 38.0 
48.6 46.9 45.3 43.6 42.0 
50.4 48.8 47.0 45.4 43.7 
52.4 50.7 48.9 47.1 45.3 
54.3 52.6 50.8 48.8 47.0 
56.3 54.5 52.4 50.5 48.6 
58.2 56.4 54.3 52.2 50.3 
59.2 57.3 55.2 53.1 51.1 
60.2 58.3 56.1 54.0 52.0 
61.1 59.2 57.1 54.9 52.8 
62.1 60.1 58.0 55.8 53.6 
63.1 61.0 58.9 56.7 54.4 
64.0 62.0 59.8 57.5 55.2 
65.0 62.9 60.6 58.3 56.0 
66.0 63.9 61.6 59.2 56.9 
66.9 64.9 62.4 60.1 57.7 
67.9 65.8 63.4 61.0 58.5 
68.8 66.8 64.2 61.8 59 3 
69.8 67.7 65.2 62.6 66.1 
70.8 68.5 66.1 63.5 61.0 
71.8 69.4 66.9 64.4 61.8 
72.8 70.4 67.9 65.3 62.6 
73.8 71.3 68.8 66.2 63.4 
74.8 72.2 69.7 67.0 64.2 
75.6 73.2 70.6 67.9 65.1 
76.7 74.1 71.4 68.8 65.9 
77.4 75.1 72.4 69.6 66.7 
78.6 76.0 73.3 70.4 67.5 
79.6 77.0 74.3 71.3 68.3 
80.4 78.0 75.2 72.2 69.2 
81.4 78.8 76.1 73.1 70.0 
82.3 79.8 77.1 74.0 70.8 
83.3 80.7 78.0 74.9 71.6 
84.3 81.6 78.9 75.7 72.4 
85.2 82.6 79.8 76.6 73.3 
86.2 83.6 30.7 77.4 74.2 
87.2 84.5 81.6 78.4 75.0 
89.2 86.4 83.3 80.1 76.6 
91.2 88.3 85.2 81.8 78.3 
93.2 90.2 87.0 83.7 80.0 
95.2 92.2 88.8 85.4 81.6 
97.2 94.0 90.6 87.1 83.2 
99.0 95.9 92.5 88.9 84.9 
101.0 97.8 94.3 90.6 86.6 
102.9 99.6 96.2 92.4 88.3 
104.9 101.4 98.0 94.2 90.0 
106.9 103.3 99.8 95.9 91.7 
108.9 105.2 101.6 97.7 93.3 
110.8 107.1 103.4 99.3 95.0 
112.7 109.0 105.3 101.1 96.7 
114.6 111.0 107.2 102.9 98.4 
113.0 109.1 104.7 100.1 

113.7 109.2 104.3 

113.7 108.6 

112.8 

0 
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TABLE 1A. DETERMINING EFFECTIVE TEMPERATURE 


EFFECTIVE TEMPERATURE 
Velocity of Air in Feet per Minute 








Dry- Stitt Arr 50 Fr. 
Bulb —— Relative Humidity Relative Humidity--———_—"—. 
Temp. 100% 0% 60% 40% 20% 100% 80% 60% 40% 20% 
30 30 30.2 30.3 30.4 30.6 
35 35 34.9 34.7 34.5 34.4 
40 40 39.6 39.2 38.8 38.4 31.0 31.2 31.3 31.5 31.8 
45 45 44.3 43.7 43.1 42.5 37.2 36.8 36.5 36.2 36.0 
50 50 49.1 48.2 47.3 46.6 43.4 42.6 42.0 41.6 41.4 
52 52 51.0 50.0 49.0 48.1 45.9 45.0 44.3 43.8 43.5 
54 54 52.9 51.8 50.7 49.7 48.3 47.2 46.4 45.7 45.3 
56 56 54.8 53.4 52.3 51.2 50.8 49.8 48.8 47.9 47.1 
58 58 56.6 55.2 54.0 52.8 53.1 51.9 50.9 50.0 49.1 
60 60 58.5 57.0 55.5 54.2 55.4 54.1 53.0 52.0 50.9 
61 61 59.4 57.8 56.4 55.0 56.7 55.2 54.0 52.8 51.8 
62 62 60.3 58.7 57.2 55.7 57.9 56.3 55.0 53.8 52.6 
63 63 61.2 59.5 58.0 56.4 59.0 57.3 55.9 54.6 53.5 
64 64 62.1 60.4 58.8 57.2 60.1 58.3 56.9 55.5 54.3 
65 65 63.0 61.3 59.5 57.9 61.2 59.4 57.8 56.3 55.1 
66 66 64.0 62.2 60.3 58.6 62.4 60.6 58.8 57.2 56.0 
67 67 65.0 63.0 61.1 59.3 63.6 61.7 59.9 58.1 56.9 
68 68 65.9 63.8 61.9 60.0 64.7 62.8 61.0 59.0 57.8 
69 69 66.9 64.7 62.7 60.7 * 66.0 63.9 62.0 60.0 58.7 
70 70 67.8 65.5 63.4 61.3 67.1 64.9 62.9 61.0 59.3 
71 71 68.7 66.3 64.2 62.0 68.2 65.9 63.8 61.9 60.1 
72 72 69.6 67.2 65.0 62.8 69.4 66.9 64.7 62.8 60.9 
73 73 70.5 68.0 65.7 63.4 70.6 68.0 65.8 63.7 61.8 
74 74 71.4 68.9 66.5 64.1 1 68.9 66.7 64.4 62.4 
75 75 72.3 69.8 67.2 64.8 72.8 69.9 67.6 65.2 63.1 
76 76 73.2 70.5 68.0 65.3 73.9 71.0 68.5 66.0 63.9 
77 77 74.2 71.4 68.7 66.1 75.0 72.1 69.5 66.9 64.6 
78 78 75.1 72.2 69.5 66.8 76.2 73. 70.3 67.9 65.3 
79 79 76.0 73.1 70.2 67.4 77.4 74.0 71.3 68.7 66.0 
80 80 77.0 73.9 71.0 68.0 78.6 75.0 72.1 69.4 66.8 
81 81 77.8 74.7 71.7 68.7 79.8 75.9 73.0 70.1 67.5 
82 82 78.7 75.5 72.4 69.4 80.9 77.0 74.0 70.8 68.2 
8&3 83 79.6 76.3 73.2 70.0 82.1 78.0 74.8 71.5 68.9 
84 84 80.5 77.2 74.0 70.7 83.1 79.0 75.8 72.4 69.6 
85 85 81.4 78.0 74.7 71.3 84.2 80.0 76.6 73.3 70.2 
86 86 82.3 78.8 75.3 72.0 85.3 81.0 77.5 74.0 70.9 
87 87 83.2 79.6 76.0 72.6 86.3 82.0 78.3 74.8 71.8 
88 88 84.2 80.4 76.8 73.2 87.3 83.0 79.1 75.6 72.3 
89 89 85.1 81.3 77.4 73.8 88.4 84.0 80.0 76.4 73.0 
90 90 86.0 82.0 78.2 74.3 89.4 84.8 80.8 7.1 73.7 
92 92 87.8 83.7 79.6 75.5 91.5 86.7 82.3 78.4 74.8 
94 94 89.6 85.3 81.0 76.8 93.7 88.7 84.1 80.0 76.0 
96 96 91.5 87.0 82.4 78.0 95.9 90.6 85.9 81.3 77.3 
98 98 93.3 88.6 83.9 79.2 98.0 92.6 87.6 82.7 78.6 
100 100 95.2 90.2 85.2 80.2 100.0 94.6 89.2 84.2 79.8 
102 102 96.9 91.8 86.7 81.3 102.0 96.6 91.0 85.8 80.9 
104 104 98.7 93.4 88.0 82.4 104.2 98.6 92.8 87.2 82.0 
1 106 100.4 95.0 89.4 83.5 106.3 100.4 94.4 88.6 83.2 
108 108 102.2 96.6 90.9 84.6 108.4 102.3 96.0 90.0 84.3 
110 110 104.1 98.1 92.2 85.7 110.7 104.3 97.9 91.6 85.3 
112 112 106.0 99.8 93.7 86.9 113.0 106.3 99.8 92.9 86.5 
114 114 107.8 101.3 95.0 88.0 115.3 108.3 101.4 94.2 87.7 
116 116 109.6 102.9 96.3 89.1 110.3 103.2 95.8 88.8 
118 118 111.4 104.6 97.5 90.2 112.3 104.8 97.2 90.0 
120 120 113.3 106.2 98.9 91.3 114.5 106.7 98.6 91.0 
125 110.3 102.3 94.0 111.0 102.0 93.8 
130 114.5 105.7 96.4 115.7 105.9 96.2 
135 109.2 99.0 109.7 98.3 
140 112.6 101.6 113.6 101.6 
145 116.1 104.2 104.1 
150 106.7 106.9 
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TaBLE 1A. DETERMINING EFFECTIVE TEMPERATURE—(Continued) 
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TaBLE 1A. DETERMINING EFFECTIVE TEMPERATURE—(Continued) 


EFFECTIVE TEMPERATURE 
Velocity of Air in Feet per Minute 

500 Fr. 
Relative Humidity 





300 Fr. 
Relative Humidity 


80% 60% 40% 20%. 100% 80% 60% 40% 


30.1 

30.4 31.5 32.3 
31.8 33.0 34.0 34.7 30 
34.8 35.8 36.5 37.0 31.0 32 
37.8 38.5 39.0 39.3 30.0 32.0 33.8 35 
40.8 41.2 41.4 41.6 33.5 35.2 36.8 37 
42.2 42.4 42.8 42.9 35.2 36.9 38.1 39 
43.6 43.8 44.0 44.1 36.9 38.2 39.4 40 
45.0 45.0 45.0 45.0 38.6 39.9 41.0 41 
46.4 46.2 46.1 46.0 40.4 41.4 42.3 43 
48.0 47.7 47.4 47.1 42.2 43.0 43.8 44 
49.4 49.0 48.7 48.3 44.0 44.6 45.0 45 
50.8 50.3 49.9 49.4 45.8 46.1 46.4 46 
52.2 51.6 51.0 50.6 47.5 47.7 47.8 48 
53.8 53.0 52.2 51.7 49.1 49.1 49.1 49 
55.2 54.2 53.4 52.8 51.0 50.8 50.5 50 
56.6 55.6 54.7 53.9 52.8 52.2 51.9 51 
58.0 56.8 55.9 55.0 54.5 53.7 53.0 52 
59.3 58.0 56.9 56.0 56.2 55.1 54.3 53 
60.8 59.1 58.0 457.0 58.0 56.8 55.8 55 
62.1 60.4 59.0 58.0 59.7 58.1 57.0 56 
63.6 61.7 60.1 59.0 61.4 59.6 58.3 57 
64.9 63.0 61.3 60.0 63.2 61.0 59.7 58 
66.1 64.1 62.3 61.0 64.9 62.5 60.8 59 
67.4 65.2 63.4 61.9 66.5 63.9 62.0 60 
68.9 66.4 64.6 62.9 68.2 65.3 63.2 61 
70.1 67.6 65.6 63.9 69.9 66.7 64.4 62 
71.4 68.9 66.6 64.8 71.5 68.1 65.7 64 
72.7 69.9 67.7 65.8 73.2 69.4 66.9 65 
74.0 71.0 68.7 66.7 74.9 70.9 68.0 66 
75.2 72.0 69.6 67.5 76.5 72.2 69.3 67 
76.5 73.1 70.6 68.3 78.2 73.7 70.4 68 
77.8 74.1 71.4 69.2 79.9 75.0 7 Bu 69 
79.0 75.3 72.3 70.0 81.3 76.3 72.9 70 
80.2 76.3 73.3 70.8 83.0 77.7 74.0 71 
81.4 77.3 74.1 71.7 84.5 79.1 75.2 72 
83.8 79.3 76.0 73.2 87.8 81.6 77.3 74 
86.1 81.3 77.8 74.7 90.9 84.3 79.6 76 
88.4 83.3 79.3 76.2 94.0 87.0 81.7 78 
90.9 85.3 81.0 77.6 97.2 89.8 83.8 79 
93.3 87.2 82.6 79.0 100.3 92.2 85.9 81 
95.8 89.1 84.2 80.2 103.8 95.0 88.1 83 
98.2 91.0 85.8 81.4 107.4 97.7 90.1 84 
100.6 93.0 87.2 82.7 111.7 100.8 92.2 86 
103.0 95.1 88.7 83.9 116.3 103.7 94.3 88 
105.4 97.1 90.2 85.1 107.0 96.7 89 
108.1 99.1 91.7 86.2 110.6 99.2 91 
po 101.3 93.3 87.2 114.3 101.7 92 
114.4 103.6 94.9 88.3 104.3 94 
105.8 96.3 89.4 107.1 96 
108.2 98.0 90.4 110.1 97 
115.0 102.3 93.0 102 
107.0 95.5 108 
112.2 98.1 114 

101.0 

104.2 

107.7 
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In cases where air motion produces considerable cooling it is the simplest and 
most inexpensive method available. At high temperatures, however, the benefit 
derived from movement of the air is small, and steps should be taken to reduce the 
effective temperature by other means prior to setting the air in motion. 

One of the most important principles of air conditioning is manifested in the cool- 
ing produced by the evaporation of water. When air partly saturated comes in 
contact with water, as for instance by passing it through a humidifier, a certain 
amount of heat is absorbed from the air in the process of evaporation, effecting an 
appreciable lowering in the temperature of the air. The wet-bulb temperature 


TaBLe 1A. DETERMINING EFFECTIVE TEMPERATURE (Concluded) 














EFFECTIVE TEMPERATURE EFFECTIVE TEMPERATURE 
Velocity of Air in Feet per Minute Velocity of Air in Feet per Minute 
Dry- 700 Fr. Dry- 700 Fr. 
Bulb — Relative Humidity Bulb Relative Humidity 
Temp. 100% 80% 60% 40% 20% Temp. 100% 80% 60% 40% 20% 
30 81 65.8 63.4 61.8 60.7 59.6 
35 82 67.6 64.8 62.7 61.7 60.5 
40 83 69.4 66.3 63.9 62.8 61.5 
45 84 71.1 67.8 65.4 64.0 62.5 
50 85 72.9 69.2 66.7 65.0 63.4 
52 86 74.6 70.7 68.0 66.1 64.4 
54 87 76.4 72.1 69.0 67.3 65.4 
56 31.2 88 78.1 73.4 70.0 68.3 66.4 
58 31.7 33.6 89 80.0 74.9 2 | 69.6 67.4 
60 32.4 34.3 36.0 90 81.9 76.2 72.3 70.4 68.2 
61 31.0 33.9 36.0 37.3 92 85.7 79.2 74.7 72.3 70.1 
62 30.8 32.8 35.4 37.1 38.4 94 89.5 82.0 77.2 74.2 72.0 
63 32.7 34.4 36.7 38.4 39.6 96 93.3 84.6 79.7 76.2 74.0 
64 34.6 36.0 38.2 40.0 40.8 98 97.0 87.6 82.0 78.2 75.8 
65 36.5 38.0 39.8 41.2 42.0 100 100.8 90.8 81.2 80.2 77.7 
66 38.3 39.7 41.2 42.6 43.2 102 104.8 94.0 86.5 82.2 79.4 
67 40.2 41.3 42.5 44.0 44.5 104 108.8 97.2 88.8 84.0 80.9 
68 42.0 42.9 44.0 45.3 45.8 106 112.8 100.0 91.1 85.8 82.2 
69 44.0 44.7 45.6 46.6 46.8 108 104.3 93.8 87.7 83.5 
70 46.0 46.4 47.0 47.8 48.0 110 108.3 96.2 89.3 84.7 
71 48.0 47.8 48.3 49.1 49.0 112 112.6 98.9 90.8 85.9 
72 49.9 49.9 49.9 50.0 50.0 114 101.8 92.6 86.9 
73 51.8 51.6 51.4 51.2 51.1 116 104.8 94.2 88.0 
74 53.6 52.9 52.7 52.5 652.2 118 107.8 96.0 39.0 
75 55.4 54.6 54.2 53.8 53.3 120 111.1 97.8 90.0 
76 57.2 55.9 55.3 54.8 54.4 125 103.0 92.3 
77 58.9 57.3 56.7 56.1 55.5 130 109.4 94.8 
78 60.6 58.9 58.0 57.2 56.6 135 115.5 97.7 
79 62.3 60.3 59.3 58.5 657.7 140 100.8 
80 64.0 62.0 60.5 59.6 58.7 145 104.8 
150 108.8 


remains the same if no heat is added or substracted from the system, the sensible 
heat of the air being transformed to latent heat. Ultimately the dry-bulb temper- 
ature of the air is reduced to that of the wet bulb when the air becomes completely 
saturated. 

Referring to Fig. 2 assume a condition of 110 deg. dry bulb and 85 deg. wet bulb. 
The effective temperature is 91 deg., and it will be found that a velocity of 300 ft. 
per min. produces a cooling of only 2 deg. By passing this air through a humidifier 
where the water is re-circulated and not heated, we pass to the left of the chart 
along the 85 deg. wet-bulb line until saturation is reached. The dry-bulb tempera- 
ture of the air is reduced from 110 deg. to 85 deg., and its effective temperature 
from 91 deg. to 85 deg. effecting a cooling of 25 deg. dry bulb and 6 deg. effective 
temperature. A velocity of 300 ft. now applied will produce a further cooling of 
5.5 deg. effective temperature on the human body at rest and stripped to the waist 
as compared with 2 deg. prior to saturation, and the original condition of 91 deg. 














INDUSTRIAL VENTILATION PROBLEMS, YAGLOGLOU AND MILLER 


EFFECTIVE TEMPERATURE 


ete) 200 300 400 500 
VELOCITY OF AIR IN FT. PER MIN. 





150 


130 


e re) = ft 
re) ° ° 
ORY BULB TEMPERATURE 


8 


60 


5o 


7OO 


Fic. 4. VARIATION OF EFFECTIVE TEMPERATURE AND COOLING PRODUCED BY AIR 
MOVEMENT ACCORDING TO THE VELOCITY OF AIR, FOR CONDITIONS 
with 20% RELATIVE HumIDITy 








354 TRANSACTIONS AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 


effective temperature is thus theoretically reduced to 79.5 deg. effective tempera- 
ture. 


It is of interest to note that in addition to the cooling obtained from the evapora- 
tion of water, the effect of air movement reaches a maximum value at saturation, 
and an enormous amount of cooling results from the combination of the two. This 
method of artificial cooling is very promising to many hot operations in industries 
where the humidity of the air is not very high. The air is simply saturated and 
blown upon the workers. The process involves the use of simple and inexpensive 
equipment as compared with refrigeration, such as humidifiers and fans, and it is 
very likely that this most efficient method of artificial cooling will be extensively 
used in the future. 


It is a well-known fact that there is an optimum temperature of the environment 
most conducive to human comfort, and at which the body works most efficiently. 


TaBLe 2. Grvinc ComMForTABLE CONDITIONS, IN TERMS OF Dary- AND WET-BULB 
TEMPERATURE, FOR NORMALLY CLOTHED PEOPLE AT REST, IN STILL 
‘ AND Movine AIR 


Relative Still Air Velocity of Air in Feet per Minute 
0 ft. 100 ft. 200 ft 300 


Humid- -—— 50 ft. a t. 500 ft.— 

itv D.B. W.B. D.B. W.B. D.B. W.B. D.B. W.B. D.B. W.B. D.B. W.B. 
1006 64.0 64.0 67.3 67.3 69.9 69.9 72.8 72.8 74.8 74.7 77.5 77.5 
90% 65.0 63.0 68.2 66.1 70.7 68.5 73.6 71.3 75.5 73.2 78.3 76.0 
80% 66.0 62.0 69.1 65.0 71.4 67.0 74.3 69.8 76.3 71.5 79.1 74.2 
70% 67.1 60.7 70.1 63.4 72.3 65.4 75.1 68.0 77.1 69.7 79.9 72.2 
60% 68.2 59.4 71.1 61.9 73.3 63.8 76.0 66.1 77.9 67.7 80.6 70.2 
50% 69.4 58.0 72.3 60.3 74.3 62.0 77.0 64.2 78.7 65.6 81.4 67.8 
40% 70.7 56.4 73.4 58.5 75.4 60.0 77.9 62.0 79.5 63.1 82.1 65.1 
30% 72.2 54.5 74.7 56.4 76.5 57.6 78.8 59.2 80.3 60.3 82.8 62.0 
20% 73.8 52.4 76.0 53.9 77.8 55.0 79.7 56.2 81.1 57.1 83.6 58.6 


This optimum temperature depends largely upon the nature of the work performed. 
The heat produced through the chemical changes within the body must be lost to 
the outside for the body temperature to remain constant. The greater ithe muscu- 
lar activity the greater the heat produced, and the cooling power of the air should 
be correspondingly increased to effect a greater heat loss from the human body. 

The optimum temperature for individuals at rest, or otherwise engaged in light 
activities, in still air and normally clothed was found by the Research Laboratory‘ 
to be 64.5 deg. effective temperature. In round figures an effective temperature 
of 64 deg. should be adopted for dwellings, office buildings, theaters, schools and 
all other places where mental and light muscular work is performed in practically 
still air. 

Table 2 gives the conditions corresponding to the effective temperature of 64 
deg. in terms of dry bulb and wet bulb with still air and their variation with ve- 
locity. Although only the data for still air was determined experimentally by a 
great variety of individuals, a comparison of a number of equivalent conditions 
with still air and with 500 ft. velocity, made by a few persons normally clothed, dis- 
closed no definite variation. While all equivalent conditions are equally comfort- 
able, practical considerations limit the range of humidity to be ordinarily employed 
from 30 to 70 per cent. As a general rule relative humidities from 50 to 60 per 
cent will be found most desirable. 

Subsequent experiments will determine the optimum temperature for individuals 


¢ Determination of the Comfort Zone and Further Verification of Effective Temperature within 
‘this Zone, by F. C. Houghten and C. P. Yagloglou, Journat A.S.H.&V.E., September, 1923. 
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doing various amounts of work both in still and in moving air of different veloci- 
ties, so that a standard can be set for every representative industry. 


Application to Factories and Workshops 


The influence of atmospheric conditions in factories and workshops upon the 
health and well-being of the occupants cannot be overlooked. The industrial 
worker spends the major part of his active life in an environment where heat, 
moisture, and in some special cases, injurious elements are constantly evolved by 
the process of manufacture. These conditions, as a result of their effect on the 
health and comfort of the workers, are chiefly responsible for the quantity and qual- 
ity of output and, therefore, for the general efficiency of the plant. 

The Industrial Fatigue Board of England, in a report of its extensive investiga- 
tion on the fatigue and efficiency of industrial workers, states that for temperatures 
under 40 deg. fahr. the hourly output was 10 per cent above normal. Conversely, 
a rise in temperature was followed by a decrease in efficiency, and for an external 
temperature of 65 deg. the hourly output was 10 per cent below normal. The 
maximum seasonal fluctuation in output observed was about 30 per cent below 
normal and occurred in the summer months. 

For the native American these temperatures are rather low. Various observa- 
tions show that the European standard of temperature for comfort is considerably 
lower than that of America. 

In a report of the importance of temperature and humidity to physical work 
the New York State Commission on Ventilation states that men perform 28 per 
cent less physical work in a temperature of 86 deg. fahr. with 80 per cent relative 
humidity than in one of 68 deg. fahr. and 50 per cent relative humidity. An esti- 
mate of the daily loss in output in an average size industrial plant operating at an 
efficiency of 70 per cent will reveal the material financial loss resulting from failure 
to control the temperature conditions. 

It is a comparatively simple matter to produce and maintain proper atmospheric 
conditions indoors in winter. In summer, however, with an outside temperature 
in the neighborhood of 95 deg., the problem becomes rather complicated. The 
incoming air diffusing into the workrooms takes up heat liberated from the ma- 
chinery in operation and from the bodies of the workers, and its temperature is 
increased considerably. 

While every factory is equipped with a heating system, little provision is made 
for cooling during the hot summer months, despite the fact that the greatest sea- 
sonal fluctuations in efficiency occur in summer. 

It has been shown in general how high temperature conditions can be improved 
by means of saturation and air movement. As an actual application of the 
method, the case of an automobile factory is taken, where the average summer obser- 
vations available for 1923 were about 96 deg. dry bulb and 80 deg. wet bulb, 
with practically still air. From the charts or table it will be found that this con- 
dition corresponds to an effective temperature of 84.7 deg., and that a velocity 
of 300 ft. will improve the situation by only 3.5 deg. effective temperature. Satu- 
rating the air, however, the dry-bulb temperature is reduced to 80 deg., and a 
velocity of 300 ft. now applied will theoretically reduce the condition to about 72 
deg. effective temperature producing a total improvement of 84.7 deg. — 72.0 
deg. = 12.7 deg. effective temperature. 

In practice these theoretical values cannot be attained. Allowance must be 
made for the increase in temperature and decrease in the humidity of the air in 
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diffusing into the workroom before striking the bodies of the workers. In addition 
the values will probably be affected by the clothing worn, and the type of work per- 
formed. 

In large factories the process requires the use of humidifiers and blowers, the 
latter forcing through ducts the cool air directly upon the workers. In addition 
to the cooling effect, a fresh supply of air is provided at all times to remove the 
products of respiration and various other injurious elements evolved by the process 
of manufacture. 
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In small factories and workshops the desired cooling power of the air can be ob- 
tained by locally applied elec’ ric fans directing a current of air upon the workers. 
The velocity of the air being comparatively high a few feet from the fans the cool- 
ing produced by the wind alone will be sufficient in the majority of cases, without 
the use of humidifiers 


Application to Mining Industry 


Until recently the problem of mine ventilation from the standpoint of main- 
taining proper purity of the air underground was given considerable attention 


Dry Kata Cooling power 1 2 3 4 5 6 
Working efficiency per cent 50 60 70 80 90 100 


from the part of many investigators. However, little was accomplished in the 
way of providing better working conditions essential to the well-being and efficiency 
of miners. 

Adverse conditions of temperature and humidity in many mines impair the 
health and vitality of the workers and lower the output, with the consequent im- 
mense financial loss to the owners of the mines. Orenstein and Ireland® estimated 
by means of a dynamometer and ergometer the working efficiency of miners on the 
Rand. Their results, given below, are based on dry Kata cooling powers with the 


TABLE 3 
D. B. Ww. B. Vel. ft. Remarks of 
Mine temp. temp. permin. E. T. workers 

Royal Lode 88.7 88.0 0 88.5 Unendurable 
Royal Lode 88.0 84.7 360 79.8 Good for work 
Royal Lode 87.0 83.0 710 72.5 Excessive velocity 
Waihi Mines, 1450 ft. level 81.4 80.2 0 80.7 Oppressive 
Waihi Mines, 1450 ft. level 80.2 78.6 770 64.0 Excessive velocity 


assumption that the working efficiency is 100 per cent at a dry Kata power of 6 
millicalories per square cm. per second. 

It will be observed that the working efficiency decreased when the Kata power 
fell below 6 until at 1 millicalorie per sq. cm. per sec., the average efficiency was 
only 50 per cent, while the bodily temperature rose considerably and extreme fatigue 
was produced by work. Many similar cases can be given where the temperature 
conditions underground were such that the miners could remain at work only half 
of the time, spending the other half in cooling off and rest. 

In a study of the physiological effects of high temperatures and high humidities. 
in metal mines, Sayers and Harrington® found that in a still atmosphere of 80 to 
90 deg. fahr., manual labor caused the body temperature to rise in a short period 
to 102 deg., and frequently to 103 deg. when the relative humidity exceeded 95 
per cent. The pulse rate increased rapidly, accompanied by physical weakness, 
exhaustion, inability to think, and a marked loss in weight. However, with air 
velocities of between 400 and 500 ft. per minute, there was no marked change 
in body temperature or pulse rate, and no appreciable discomfort was experienced. 


5A Contribution to the Study of the Influence of Mine Atmospheric Conditions on Fatigue, 
by A. J. Orenstein and H. J. Ireland, Journal of the South African Institution of Engineers, March, 1921. 

* Physiological Effects of High Temperature and Humidity with and without Air a by R. R. 
Sayers and D. Harrington, U. S. Bureau of Mines, Report of Investigation, Serial No. 2 464. 
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Referring to Fig. 3, it will be found that a velocity of 500 ft. per min. at a temper- 
ature of 90 deg. dry bulb and 95 per cent relative humidity produces a cooling of 6.5 
effective temperature on the human body. The original condition corresponds to 
88 deg. effective temperature, while that effected by the movement of the air is 
81.5 deg. effective temperature, a rather comfortable temperature for men ac- 
customed to work in mines. 

It is obvious from the above that the cooling effect of moving air is of utmost 
importance in the mining industry. In places where the temperature and humid- 
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ity cannot be readily reduced, or in small or shallow mines where the investment 
involved in the installation of a mechanical system of ventilation is not justified, 
the velocity of the air may be increased by means of locally applied fans to produce 
the desired cooling on the workers. 


Table 3, compiled by Lewis’ shows the effect of increasing the velocity of air 
in the working places. (The effective temperature of the various conditions is 
introduced in the table to afford a base for comparison.) 


It will be seen that the improvement in the conditions is solely due to increasing 
the velocity of the air. Various other investigations, such as those of Haldene, 
Harrington, and the latest findings of the Research Laboratory, indicate that the 
upper limit of temperature efficiently endured with manual labor is 80 deg. effective 
temperature. 


Up to the present time considerable effort and money was spent in attempts to 
produce better conditions for the mine workers, and a number of failures resulted 
from inability to control the cooling power of the air underground. 


The principal object to be attained in mine ventilation is to reduce the tempera- 
ture at the working places underground, and provide a supply of fresh air to dilute 
and remove noxious fumes, dust, and inflammable gases resulting from the use of 
explosives. 


The atmospheric conditions at the working places of a mine depend largely 
upon rock temperature, depth of the mine, and presence of water in the shafts 
and drifts available for evaporation. In comparatively shallow mines, and those 
ventilated by natural circulation, the temperature of the air in the workings de- 
pends to a greater extent upon the outside air temperature. 


As the air descends the downcast shaft, its temperature is increased through the 
absorption of heat from the surrounding rock, and also through the higher baro- 
metric pressure. According to Haldene, the increase in rock temperature is about 
1 deg. fahr. for every 70 ft. of depth, while cases have been reported where the 
same increase was observed in from 40 to 180 ft. of depth. A certain quantity 
of heat is also added to the air at the bottom of the mine through the use 
of machinery, explosives and various other operations, these further raising 
its temperature. The moisture content of the air, as it travels down the shaft, 
also increases depending upon the temperature and amount of water available for 
evaporation. 


The difficulties in maintaining proper working conditions in mines are obvious. 
If the incoming air is cooled by refrigeration, the greater difference in temperature 
between rock and air will effect a greater heat absorption, with the ultimate result 
of the air reaching the bottom at practically the same temperature as it would 
without cooling. Actual observations by Davies* in Morro Velho Mine in Brazil 
show that the incoming air at a temperature of 76 deg. arrived at the bottom with a 
temperature of 101 deg., and when cooled by refrigeration to 42 deg. reached the 
same level at a temperature of 97.4 deg. 


This proves that owing to the extremely low efficiency the use of refrigeration in 
mine ventilation is prohibitive. In addition, its first cost and cost of operation is 
many times greater than the corresponding cost of the simple and efficient equip- 


7 Some Kata-Thermometer Observations, in Tonapah Mines, Nevada, by R. S. Lewis, Engineering 
and Mining Journal Press, March, 1924, p. 364. 

* The Air Cooling Plant, St. John del Rey Mining Co., Ltd., Brazil, by E. Davis, T*ansactions, 
Institute Mining Engineering, Vol. LXIII, london, 1922. Also, Cooling of Mine Air, U. $i. Bureau of 
Mines, Report of Investigations 2554, by T. T. Reed and F. C. Houghten. 
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ment involved in the application of the new principles of air conditioning to mine 
ventilation. 

As mentioned before, evaporation of water effects a marked lowering in the 
temperature of the air, especially when the latter is comparatively dry. It has 
been observed in a few mines that under favorable conditions the cooling resulting 
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from evaporation of water, dripping along the walls of the downcast shaft and 
drifts more than counteracted the increase in temperature, and the air reached the 
bottom at a lower dry bulb than on entering the shaft at the top of the mine. 


This principle of cooling should be frequently made use of in mines, either nat- 
urally or artificially by means of humidifiers or sprays, especially when the tem- 
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perature conditions are such that no reasonable velocity of the air is sufficient to 
produce a decided improvement. 

To illustrate, the case of a hot metal mine is taken when the dry-bulb tempera- 
ture was about 105 deg. and the wet bulb 88 deg. This condition corresponds to 
91.7 deg. effective temperature, and the men could only remain at work for about 
an hour without rest. From Table 1 it is found that the velocity necessary to re- 
duce this condition to 80 deg. effective temperature is above 700 ft. and therefore 
impracticable. If, however, the air is previously cooled by evaporation of water, 
its temperature will be reduced to 88 deg., and the resulting cooling by saturation 
alone will be 3.7 deg. effective temperature. A velocity of about 600 ft. per min. 
now applied will probably be sufficient to reduce the condition to 80 deg. effective 
temperature producing a total improvement of 11.7 deg. effective tempera- 
ture. 

The financial aspects of cooling by saturation and air motion can be demonstrated 
by a study of the cooling plant at the Morro Velho Mine. The average under- 
ground condition existing prior to March, 1920, was 101.5 deg. dry bulb and 87.0 
deg. wet bulb with a wet Kata cooling power of 7.7 millicalories per sq. cm. per 
sec. In April, 1922, an expensive refrigerating equipment was installed at the 
surface with a capacity of 100,600 B.t.u.. per min. together with an additional 
200 h.p. Sirocco blower to effect a total air supply of 60,000 cu. ft. per 
min. Through these changes the dry-bulb temperature was reduced from 101.5 
deg. to 97.4 deg., the wet bulb from 87.0 deg. to 76.2 deg., and the wet Kata cooling 
power was increased from 7.7 to 20.5 millicalories per sq. cm. per sec. 


Assuming that the wet Kata-thermometer can be depended upon for velocity 
determinations, the computed values are 220 ft. per min. prior to March, 1920, 
and 540 ft. after the changes were made. The original condition (101.5 deg. dry 
bulb, 87 deg. wet bulb, and 220 ft. per min.) corresponds to an effective tempera- 
ture of 88 deg., and was reduced by refrigeration and the increased air movement 
to 78.7 deg., with a resulting improvement of 88.0 deg. — 78.7 deg. = 9.3 deg. 
effective temperature. Of this total improvement, 7.4 deg. effective temperature 
is apparently due to refrigeration alone, and 1.9 deg. effective temperature or 20 
per cent is due to the increased velocity. 

It is of great financial significance to find now that the same improvement could 
be theoretically obtained by saturation and the increased velocity without the 
use of the refrigerating equipment. By simply saturating the air both dry bulb 
and effective temperature are reduced to 87 deg., when a velocity of about 560 ft. 
per min. will further reduce the condition to 78.7 deg. effective temperature, 
producing a total improvement equal to that obtained by the combination of re- 
frigeration and air motion. 

An estimate of the initial cost and cost of operation of the refrigerating plant, as 
compared with the corresponding costs of a simple humidifier, will disclose the 
enormous saving in investment and power consumption accomplished by this 
method. 


Application to Steel Mills and Allied Industries 


In the very hot industries of steel, iron, and tin manufacture, the workers depend 
chiefly on evaporation as the only means of eliminating bodily heat. The work is 
hard and is carried out under trying conditions of temperature. The men stream 
with perspiration and drink many kinds of liquids to replace the loss by evapora- 
tion. Owing to the heat and excessive perspiration they usually work with the upper 
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half of the body uncovered, and alternate short periods of work with resting periods 
in which they cool off. 


Steel production is the most strenuous occupation in which thousands of men are 
engaged, and often requires exposure to high temperatures which may reach to 
220 deg. fahr. a few feet from the furnace. In tin-plate rolling mills the rollerman 
and behinder usually stand in temperature of from 100 to 120 deg. fahr., working 
laboriously in the face of radiant heat from the furnaces and plates. In glass works 
the temperature in the vicinity of the furnace often reaches 140 deg. fahr., and the 
workers, like those in the metal industries, frequently rest while others take their 
places. 

Continual exposure to these conditions is found to have an immense economic 
effect on the efficiency and health of the workers. They become susceptible to 
disease, and invariably suffer from anemia and muscular and joint pains, which 
eventually induce premature old age. 


A great deal has been done lately in an effort to improve working conditions. 
Forced air blasts have been introduced in a few cases blowing fresh cold air over 
the heads of the men with beneficial results. Such a system lowered greatly the 
temperature and improved considerably the efficiency in a tube plant in Pitts- 
burgh. Its use has also been effectual in overcoming adverse heat conditions in 
bottle works and tin-plate factories and thus has increased considerably the output 
and decreased respiratory diseases. 


Besides the lowering in temperature effected by the circulation of fresh cool air, 
the movement of the latter greatly increases its cooling effect upon the bodies of 
the men, and the work proceeds with shorter periods of rest which otherwise were 
spent in cooling off. 

The experimental evidence in hand of the cooling laws of the human body is of 
great value in predicting just what is expected of a certain air velocity at a given 
temperature and moisture content when directed upon the body of lightly clothed 
individuals. This information further indicates that the most efficient system of 
ventilating hot workshops is one in which the air is cooled by saturation, and then 
blown through overhead ducts directly over the workers. In addition to increas- 
ing the cooling power of the moving air, saturation provides moisture to the rela- 
tively dry air, and thus eliminates the burning effect of the dry hot air and its in- 
fluence upon the respiratory organs. 


A condition of 112 deg. dry bulb and 86 deg. wet bulb existed in a steel mill in the 
Pittsburgh district, with an average velocity of 100 ft. per min. created by the nat- 
ural circulation of air. It was observed that in the hot summer months, the work 
did not proceed as fast as it did in winter, and improvements were contemplated 
through the installation of large blowers to effect a rapid circulation of air. 

In summer, however, the temperature conditions outside are too high to effect 
any appreciable lowering in the temperature at the working places by this method. 
Furthermore, as mentioned previously, the effect of wind at these high temperatures 
is rather small to bring about a decisive improvement. 


The effective temperature of the condition is 91.0 deg., and by saturating the 
air at 86.0 deg. and blowing it on the workers with a velocity of 400 ft. per min., it 
is theoretically reduced to 80.0 deg. which is a good working temperature for steel 
mills. The cooling produced is 91.0 deg. — 80.0 deg. = 11.0 deg. effective tempera- 
ture, while if the velocity of the air is increased to 700 ft., the corresponding effec- 
tive temperature will be 74.5 deg. and the resulting cooling 16.5 deg. effective 
temperature. 
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If the workers could possibly derive the full benefit of the cool air bath, these 
values will be realized in actual practice. In any case, the improvement will de- 
pend on the effectiveness of directing the current of air upon the workers and the 
temperature and humidity of the air as it strikes the bodies of the latter. 
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THE HEAT GIVEN UP BY THE HUMAN BODY AND 
ITS EFFECT ON HEATING AND VENTILATING 
PROBLEMS 


By C. P. YacLoGtovu,! PirrspureH, Pa. 


MEMBER 


Body heat being largely a problem of medical interests, has received 
considerable study by various physicians and others both in this country 
and abroad who were chiefly interested in the chemical changes that take 
place within the body, in order to formulate standards of nutrition require- 
ments for various classes of workers. The results of these studies, although 
valuable, are of little consequence to the heating and ventilating engineer 
in the form available, and the purpose of this paper is to ana’yze the exist- 
ing data from a technical view point and present it, together with supplemen- 
tary results obtained in the Research Laboratory of the AMERICAN SOCIETY. 
oF HEATING AND VENTILATING ENGINEERS, in a form convenient for 
use and practical application in the field of heating and ventilation. 


HE human body in its thermodynamic functions resembles a combined 

boiler and engine unit. Combustible material, in the form of food, is taken 

in at regular intervals and undergoes chemical decompositions, largely 
oxidative in nature, as a result of which heat is evolved, quantitatively equal to 
that developed when the same food substances are burned in a furnace. Part of 
this heat energy is required for the maintenance of the internal functions of the body, 
such as blood circulation, breathing, and other activities of the internal organs; 
while the remaining part is consumed in the performance of the various external 
physical activities observed in life. 

During this continuous process of transformation, the body is capable of regu- 
lating the heat production according to the circumstantial requirement through 
the action of its thermostatic control. Under normal conditions the temperature 
of the body is considerably higher than that of the atmospheric environment, 
and it there loses heat to the surrounding air and objects. The constant tempera- 
ture of the body indicates that the rate of heat loss is regulated so as to be equal 
to the rate at which it is produced. 

! Research Engineer, Research Laboratory, A.S.H.&V.E., U. S. Bureau of Mines, Experiment 
Station, Pittsburgh, Pa. 
Copyright, 1924, AMERICAN SoctETY OF HEATING AND VENTILATING ENGINEERS. 
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Heat loss from the human body under normal conditions and at rest takes place 
in the following different ways and approximate proportions: 


Per Cent 
Radiation conduction and convection..................4. 73.0 
Evaporation of moisture from skin....................6. 14.5 
Evaporation of moisture from lungs...................+. 7.2 
ng cai watadhe sac ecednakd eee 3.5 
ee We I, oo oo vce hicdccccdecccinccnees 1.8 


The loss of heat is largely regulated by the amount given off by radiation and 
convection, and evaporation of moisture from the surface, through the remarkable 
action of the body thermostatic temperature control. As long as the body tem- 
perature remains constant the total heat loss must equal the amount produced. 
To determine the heat developed within the body, or that lost, methods of direct 
and indirect calorimetry are used. Usually, the heat value of the food taken in, 
and of the oxygen absorbed in respiration, corrected for the unused heat units 
contained in the discharged matter, is compared with the contemporaneous heat 
actually lost through the various ways given above. 

One of the most completely equipped and accurate calorimeters is the Atwater- 
Rosa-Benedict respiration calorimeter,? designed for determining the respiratory 
exchange and the simultaneous measurement of the quantity of heat given up 
by the human body. The apparatus resembles an ordinary living room furnished 
with the primary necessities of life, and well insulated and equipped with auto- 
matic temperature control. Chemical absorption permits direct estimation of 
the carbon dioxide and moisture given off in the process of respiration, and also 
of the oxygen absorbed, from which the amount of heat produced in the body cau 
be calculated. The heat given up by the body is absorbed by a current of cold 
water flowing through copper tubes suspended from the upper wall of the chamber. 
In the majority of cases, results obtained by the two separate methods agree 
very closely. 

The heat production and loss vary through wide limits according to the food 
taken in, clothing worn, temperature of the environment, and degree of muscular 
activity. It is minimum during sleeping hours, when the general system of the 
body is more or less inactive. This minimum value is known as the basal require- 
ment, or basal metabolism, and represents the energy expended for the perform- 
ance of the work of circulation, respiration, and vital activities of the living cells. 

Table I gives the minimum heat production and loss with regards to age and 
sex. The values represent Aub and Du Bois’ standards of basal metabolism con- 
verted to B.t.u. per sq. ft. of body surface per hour. The surface area is generally 
determined from the weight and height by means of Du Bois standard formula or 
chart,‘ and the former is given by the equation below, expressed in British units. 


A = Ww°.425 x 79.725 4 0.10862. 

where A = Body surface in square feet. 
W = Weight without clothing in pounds. 
H = Height in inches. 


For practical use, Fig. 1 has been prepared from which the surface area of the 
body can be readily determined from the weight and height. 


? Lusk, Graham “Archives of Internal Medicine,” 1915, XV, p. 793. 
* Aub and Du Bois, ‘Archives of Internal Medicine,”’ 1917, XIX, p. 831. 
4 Du Bois D., and E. F., “Archives of Internal Medicine,” 1916, XVII, p. 836. 
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TaBLe 1. Minrmum Heat PropucrTion ‘AND Loss 
B.t.u. per Sq. Ft. per Hr. 


Age in Years Males Females 
14-16 17.0 15.9 
16-18 15.9 14.8 

20 15.2 14.0 
20-30 14.7 13.7 

0 14.6 13.5 
40-50 14.2 13.3 
5 13.8 12.9 
60-70 13.5 12.6 
70-80 13.1 12.2 


Under ordinary conditions during waking hours and at rest, there is always 
a greater or less amount of muscular activity, involving an increase of heat produc- 
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tion and loss over that of the minimum value. Ingestion of food and sitting posi- 
tion add appreciably to the energy requirement, so that a person, although at 
complete rest, loses a greater amount of heat during waking hours than while 
asleep. Lusk® gives 278 B.t.u. for basal and 306 B.t.u. per hr. for resting heat 
loss in a man of 156 lb. weight and 5 ft. 7 in. tall. The corresponding values per 
sq. ft. of body surface are 14.1 and 15.6 B.t.u. per hr., an increase of about 11 
per cent over the basal requirement. 

As-mentioned before, the body temperature is maintained practically constant, 
under different conditions of external temperature by the thermostatic mechanism 
in the body, which controls the production and loss of heat. The greatest regu- 
lation is done on the heat loss side, principally controlled by the amount given off 
by radiation, by convection, and by evaporation of moisture from the surface of 
the body. The relative loss by these means will naturally depend upon the tem- 
perature difference between the body and surrounding air and objects, the humidity 


* Lusk, Graham, “Food in War Time,’ Saunders & Co., 1918. 
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and the velocity of air. At low temperatures there is relatively little heat loss by 
evaporation, while at body temperature there is no heat loss by radiation and 
convection, all the heat produced being lost by evaporation of water from the sur- 
face. With saturated air at body temperature, heat loss becomes impossible, as a 
result of which the temperature of the body rises. 

The total heat loss per square foot of body surface per hour for normally clothed 
individuals at rest and exposed to different temperature conditions with still air 
and moving air is shown in Fig. 2, plotted against effective temperature. The 
data is based on the results of a number of investigators mentioned in the figure 
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and is supplemented with results obtained in the psychrometric rooms of the 
Research Laboratory in cooperation with the U. 8. Bureau of Mines and the U. S. 
Public Health Service.’ 


It will be observed that the heat loss is not directly proportional to effective 
temperature but increases at a greater rate as the temperature falls. At 30 deg. 
it is twice as great as at 70 deg. effective temperature, while at the normal tempera- 
ture of 65 deg. effective temperature, the average individual loses heat at the rate 
of 15.7 B.t.u. per sq. ft. of surface per hour. For an average man of 20 sq. ft. of 
surface the loss is about 315 B.t.u. per hr. Of this heat 73 per cent, or 230 B.t.u. 
is lost by radiation and convection, and the remaining 85 B.t.u. are lost by evapora- 
tion of moisture from lungs and skin and other minor means. 

Above 65 deg. effective temperature the loss is practicaily directly proportional to 
effective temperature up to 85 deg., above which a falling off is apparent. This 
latter part of the curve is entirely based on the results of the Research Laboratory. 

* Determining Equal Comfort Lines, by F. C. Houghten and C. P. Yagloglou, Journa., A.S.H. * 
V.E., March 1923; and Effective Temperature ave} to he Ventilation Problems, by C. 
Yagloglou and W. E. Miller, Journat, A.S.H July 1 


7 Some Physiological Reactions to High Temperatures poe * jumidities, by W. J. McConnell and 
F. C. Houghten, Journat A.S.H.&V.E., March 1924, pp. 141-144 
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The heat production was determined from the carbon dioxide output and oxygen 
absorbed, from which an estimate was made of the heat loss by subtracting the 
heat retained in the body through a rise in temperature. Thus, the heat loss at 
these comparatively high temperatures is no longer equal to that produced, and 
only a fairly close estimation can be obtained in the amount of the former, pro- 
vided the rise in body temperature does not exceed 0.5 deg. per hr. It is reason- 
able to assume that the heat loss will become zero at an effective temperature 
equal to body temperature, which, if surpassed, the body will gain heat from the 
surrounding air and objects by radiation, convection, and condensation of moisture 
on its surfaces. 

A discussion of heat loss would be incomplete without considering the amount of 
heat produced at these higher temperatures. Fig. 3 shows a duplicate portion of 
Fig. 2 up to 65 deg. effective temperature, supplemented with the high temperature 
results of the Research Laboratory.’ Contrary to expectations, the rate at which 
heat is generated is much greater at high temperatures than at low. There is a 
zone of minimum heat production, between 72 deg. and 80 deg. effective tempera- 
ture, above which a marked increase takes place. The body makes strenuous efforts 
to resist rise in temperature by promoting evaporation of water from its surface. 
However, there is a limit to the action of the human thermostatic control, which 
apparently fails above 90 deg. effective temperature. 

The great variation in the data presented in Fig. 2 is probably due to the follow- 
ing causes: 

1. Differences in the methods used in determining heat production. 

2. Individual differences in the subjects employed, and clothing worn. 
3. Fluctuating temperature conditions during the experiments. 

4. Method of determining wet bulb temperature and velocity of air. 


The majority of the low temperature experiments with still and moving air were 
conducted outside in the open air, where the presence of sunlight and irregularity 
in the magnitude of the wind undoubtedly had some influence on the results ob- 
tained. 

A number of investigators believe in the constancy of heat production and loss, 
irrespective of moderate changes in the atmospheric environment, and little or no 
importance is attached by them to temperature measurements. In regard to 
humidity, Hill® believes that changes at ordinary room temperatures are imma- 
terial, at least as far as heat loss is concerned, while Rubner states that an 
increase of 12.5 per cent in the humidity of the air affects heat loss to the extent of 
2 deg. rise in dry-bulb temperature. The above analysis shows that both temper- 
ature and humidity, particularly the latter at higher temperatures, are influencing 
factors. 

Considering next the effect of air movement alone, heat loss is greatly accelerated 
in the presence of wind which carries away the warm and saturated air entangled 
in the clothing. 

By’means of a ventilation calorimeter, Lefevre'® has determined the heat loss 
by radiation and convection of an individual at rest for different temperatures 
and velocities, with and without clothing. His results converted to B.t.u. per 
sq. ft. per hr. are plotted against dry bulb temperature in Fig. 4 for velocities of 
200 and 700 ft. per min. Here again the heat loss by radiation and convection is 

* Work cited 
* Hill, L., The Science of \Wottsa ona Open Air Treatment, Part I, Medical Research Com- 


mittee, Special Report, Series No. 32, 
e‘evre, J., Chaleur Animale et <4. Paris, 1911, pp. 430-433. 
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not directly proportional to the temperature. Clothing suitable for spring weather 
was found by Lefevre to reduce the rate of heat loss by about 40 per cent. 

Inspection of Figs. 2 and 3 will show that there is a definite correlation between 
production and loss of heat, and effective temperature, as might be expected. To 
establish this fact definitely , and also to find out whether the heat produced at body 
temperature could be determined with any reasonable degree of accuracy from the 
physiological reactions measured, a series of tests was run at body temperature 
for two extreme humidities. Advantage was taken of the fact that with a varying 
saturated atmospheric condition, or its equivalent, made to follow the temperature 
of the body as the latter rises, there can be no heat exchange between the body 
and air. Therefore, all the heat developed is utilized in raising the temperature 
of the body. 

Knowing the weight of the body, the rate of rise in its temperature. during ex- 
posure, and the composite specific heat of the body, the heat retained within it per 
hour can be easily calculated. The specific heat of the entire body is usually taken 
as 0.83, so that for a man weighing 150 lb., the heat retained through a rise in tem- 
perature rate of 1 the at deg. per hr. will be 150 X 0.83 K 1 = 124.5 B.t.u. per hr. 

Samples of the data obtained in the tests are shown in Tables 2 and 3 for 18 
per cent and 100 per cent relative humidity, respectively. The variation in the 
temperature conditions during the tests is given in columns 2, 3, and 4, the effective 
temperature in the latter column following as closely as possible the rectal tem- 
perature of the subject in column 5. Observations of rectal temperature, pulse 
rate, and body weight for the various subjects are given in the remaining columns 
for every 10 minute intervals of exposure. The results of the experiments, com- 
puted in the above manner are presented in tables 4 and 5. The heat retained 
in the body per hour is calculated separately for each subject and given in column 
10. This divided by the sq. ft. of skin surface (column 11) gives the heat per 
square foot of surface per hour. It will be observed in column 12 that this latter 
quantity varies to a certain extent with the different individuals, as is to be ex- 
pected, but the average is about the same for all tests. The average of the low 
humidity tests is 16.5 B.t.u. per sq. ft. of surface per hour, and that for the satu- 
rated tests is also 16.5 B.t.u., an exceptionally close agreement, showing the con- 
stancy in the thermal changes of the body with constant effective temperature. 

As far as the quantitative results are concerned, the value of 16.5 B.t.u. per hr. 
seems to be low when compared with the heat production of 28 B.t.u. per sq. ft. 
per hr. at the average temperature of 101 deg. effective temperature, as determined 
from the respiratory exchange in Fig. 3. It is possible that the heat is not always 
distributed uniformly throughout the body for the rise in rectal temperature to 
represent the average rise in the temperature of the entire body. Calorimetric 
observations previously made by a number of investigators have indicated this 
condition. When there was a wide variation in rectal temperature during the 
experiments, direct and indirect calorimetry did not check as closely as when the 
variation was small. However, the results are valuable as they prove indirectly, 
yet conclusively, that the heat production is constant for constant effective tem- 
perature regardless of temperature or humidity alone. Since the heat production 
under normal circumstances equals the heat loss the effective temperature lines 
are also lines of equal heat loss. This follows also from a consideration of other 
physiological reactions which are constant for constant effective temperature. 

By far the most powerful factor in the body’s heat balance is muscular activity. 
Heat production during work is greatly increased due to the increased activity of 
the muscles. All of this heat is not, however, eliminated from the surface of the 
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body. A certain amount appears as external mechanical work, so that to obtain 
the quantity given off in the form of heat the mechanical equivalent of the external 
work performed is subtracted from the heat generated. 

Table 6 is based on the calorimetric observations of Atwater and Benedict," and 
shows the average heat loss by various means in a large number of experiments 
with several individuals both at rest and doing measured amounts of work on a 
stationary bicycle. The heat loss by radiation and convection during work in- 
creased 137 per cent over that for the men at rest, the heat loss by evaporation 
increased 85 per cent, while the total heat production increased by 177 per cent. 
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B.t.u. per Hour Increase 
Avenues of Heat Loss At rest At work per cent 
Radiation and convection...............4. 311 736 137 
Evaporation from lungs and skin os 102 189 85 
CE Na nc wed: cenecscccecesaseaes 5 0 
Equivalent of mechanical work............ 228 
pe eer rer reT eT Pere rere 418 1158 177 


The heat production of men in work of various rates of output has been studied 
by a number of investigators, principally by Benedict and Cathcart,'? and Bene- 
dict and Carpenter;'* on bicycle ergometers. From their observations the heat 
loss per square foot of body surface has been calculated by subtracting the mechan- 
ical equivalent of the external work done. The results are shown in Fig. 5 plotted 
against rate of work in foot pounds per hour. Apparently heat loss is not directly 
proportional to the output due to the variation in the efficiency of the human body 


11 Atwater and Benedict, U. S. Dept. of Agriculture, Office Experiment Station, Bulletin No. 136 
1903. 

12 Benedict & Cathcart, Muscular Work, Carnegie Inst. Wash., 1913. ’ P ‘ 

18 Benedict and Carpenter, U. S. Dept. of Agriculture, Office Experiment Station, Bulletin No. 
208, 109. 








374 TRANSACTIONS AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 

in transforming heat into mechanical work. The mechanical efficiency of the 
human body is the ratio of the amount of work done, expressed in heat, units, to the 
increase in heat production due to work, above the resting value, during the same 
period of time. The average efficiency is about 20 per cent. In other words only 
one-fifth of the total increase in the heat production due to work is expended in 
useful work and the remaining amount is given off as body heat. As a matter of 
fact, this heat is not eliminated as fast as it is produced, unless the temperature of 
the environment is low enough to effect this loss. Part of it is retained in the body, 
giving rise to physiological reactions as represented by increase in body tempera- 
ture, pulse rate, and rate of respiration, until the body temperature rises to a degree 
at which a balance is reached between the rate of heat production and loss, de- 
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pending on the external temperature. For the higher outputs this balance is not 
attained within physiological measures compatible with life, and intermittent 
periods of rest are necessary for cooling off. In this respect the heating and venti- 
lating engineer can do a great deal towards providing proper cooling power in the 
air to secure the greatest efficiency and output with the least amount of fatigue. 

As to the effect which external temperature conditions might have on the heat 
production during work, Rubner found that neither temperature nor clothing 
affects the amount produced. They influence only the quantity of perspiration 
available for evaporation through which the body makes an effort to maintain its 
normal temperature by physical regulation. It follows, therefore, that the heat to 
be eliminated from the surface of the body (not the heat loss) as given in Fig. 5 re- 
mains constant, regardless of external temperature provided that sufficient mechan- 
ical work is done to maintain the temperature of the body at low temperature 
conditions. 

From observations of Beeker and Himiiliinen'‘ and deductions made by Lusk, 


1¢ Beeker and Hiamildinen, Scandinivisches Archiv, fiir Physiologie, 1914, XX XI, p. 198, cited 
after L. Hill, The Science of Ventilation and Open Air Treatment, Part 1, Medical Research Council 
London, 1919, p. 54. 
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Hill, and Greenwood, Table 7 has been prepared, showing the heat outputs for 
men at various trades. In computing these values the mechanical efficiency 
was taken as 20 per cent and the resting heat loss 315 8.t.u. per hr. for the aver- 
age body surface of 20 sq. ft. 

The class of brain workers (not given in the table) loses only a little more than the 
resting man, averaging about 360 B.t.u. per hr., while lumbermen and other out- 
of-doors taborers, who in addition to hard work often face extremely cold weather, 
lose 1510 B.t.u. per hr., the highest value in the trades. It remains to be found 
by experiment, what will be the optimum temperature for each representative type 
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of worker at which heat loss will take place without undue rise in temperature 
and with the least amount of discomfort. 


TaBLe 7. Heat Output Durtinc WorkK For MEN aT TRADES 


Total Heat 
To Be Eliminated. 
Occupation B.t.u. per Hr. 
nststAbsih40Oe440dERRRSRRORO OS 440 
SEE OEE I SO 545 
OTST ST Ere SOPOT ee 574 
C6506 edeheresnssatencencas 646-783 
PE WN ec cccccccccccccsessocece 718 
Ni ain k0b4 600000080608 8669006668 725 
II icnntdeeeceneesbeedecene 1172 
Man sawing wood.............seeeee. 1395 


Adequate ventilation in crowded places, such as theaters, auditoriums and 
schoolrooms, demands chiefly the prevention of stagnation of body heat. Every 
adult occupant constitutes a stove giving off heat at the average rate of 350 B.t.u. 
per hr., in this sedentary condition, which must be removed if the place is to be kept 
at a comfortable temperature. Of this total heat 240 B.t.u. are lost per person 
per hour by radiation, convection, and heating the inspirea air. Each person 
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gives off enough heat to raise the temperature of the 1800 cu. ft. of air per hr. 
required by ventilation laws through 


240 X 55 
1800 


(55 = cubic feet of air heated through 1 deg. by 1 B.t.u. at 70 deg.) 

The moisture given off from the lungs and skin per person per hour under these 
conditions is about 0.106 lb., so that the moisture content of the ventilating cur- 
rent increases from 53 grains per lb. (at 70 deg. dry bulb and 58 deg. wet bulb) to 


0.106 x 7000 
1800 X 0.075 


(0.075 = density of air at 70 deg. ). 

Referring now to a psychrometric chart it is found that the wet-bulb temperature 
of the ventilating current has increased from 58 deg. to 62 deg. and its effective tem- 
perature from 64.5 deg. to 69.5 deg., due solely to the heat and moisture absorbed 
from the bodies of the occupants, not taking into consideration the heat given off 
by lights and equipment, nor the heat lost through the walls and roof of the 
building. 

The New York State Commission on Ventilation bases the air supply required 
in schools on the heat given off by the pupils, estimated at 300 B.t.u. per pupil 
per hour sitting in the standard American class room. According to the calcu- 
lations of the Commission, 1800 cu. ft. of air is needed per pupil per hour, which 
properly introduced and diffused throughout the room, will absorb and carry off 
the heat and moisture given up by the occupants, and provide sufficient ventilation. 

In factories and workshops a considerably greater supply of air is needed to 
remove the large amount of heat developed by the men at work, in addition to 
that evolved by the machinery in operation, and other sources incidental to the 
processes of manufacture. From Fig. 5 and Table 6 an estimate could be made of 
the quantity of heat given off from the bodies of the workers. The average man 
doing physical labor performs 75,000 ft. lb. per hr. At this output under normal 
working conditions he loses 40 B.t.u. per sq. ft. per hr., or a total of 800 B.t.u. 
for a body surface of 20 sq. ft. From this it is clear that a very large volume of air 
is needed to keep down the temperature. To this end, a method of conditioning 
the air has been proposed by the Research Laboratory in which the air is cooled 
by passing it through a humidifier, and then blown through overhead ducts di- 
rectly upon the workers. This arrangement provides maximum cooling with a 
minimum supply of air. 

References:—Hu, L. E., (1919) The Science of Ventilation and Open Air Treatment, Part I 
Medical Research Committee, " Special Report Series No. 32, pp. 41-164; 1920) Ibid., Part II; (1923) 
The Kata Thermometer in Studies of Body Heat and Efficiency, Medical Research Committee, Special 
Report Series No. 73, pp. 144-187; Hii, L. E. and CampsBe.t, J. A., (1922) Observations on Metabo- 
lism, The Lancet, Vol. 1; LEFEVRE, } es (1911) Chaleur Animale et Bioenergeti ue, op pp. 512-519; 
Lusk, G., (1919) The Elements of the Science of mace pp. 1-151 and 309 34; Vorr, (Series 
publications 1860-1902) cited after Lusk, Ibid; RusNER, (Series Kha, 1879-1914) cited 
after Lusk, tas i Wovpert, Archives fiir "Hygiene, 1898, XXX 206, 1901, XXXIV. 298, and cited 
after Hill, E. (1919); WALKER, I. H., (1907) Metabolism and’ Practical Medicine; ANSIEUX, G., 
(1890) tit de la temperature exterieure sur la production de chaleur chez les ani.naux a sang 
chaud, Recherches de calorimetrie, Bulletins L’Academie Royale Belgique, 3me serie, 20, Bruxelles, 
pp. 569-614; Maong, H., (1920) Influence de la temperature exterieur sur la grandeur de la Sopease 
de’energie occasionnee par le travail musculaire, Comptes Rendus des Sciences et Memoirs de 
ciete de Biologie, 83, pp. 396-397; CampBELt, gs A., D. Harcoop-Asna and Hit, L., The Effect of 


ae Power of the tmosphere on Body Metabolism, Journal of Physiology, Vol. LV, 1921, pp. 


16 Effective Temperature Applied to Industrial Ventilation Problems, by C. P. Yagloglou and W. E. 
Miller, Journay A.S.H.V.E., July 1924. 


= 7.9 deg. 


53 + = 59 grains per lb. 
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MODERN TREND IN THE SCIENCE 
OF VENTILATION 


By Perry West,! Newark, N. J. 


MEMBER 


Two Decades of Evolution in Ventilation 


HE science of ventilation began its existence with, and is still growing out of 
I the fact that wherever human beings assemble within an enclosed space the 
atmosphere within this space will become vitiated unless proper provisions 
are made to prevent it. It is the difficulty of determining and applying this preven- 
tion that has kept physiologists and ventilating engineers busy for so many years 
endeavoring to produce something like satisfactory results. The commonly ac- 
cepted usage of the term vitiated atmosphere has long been the designation of those 
conditions which cause unpleasant, uncomfortable or unhealthful physiological 
reactions, but our interpretations of the true causes and meanings of these reac- 
tions have undergone many radical changes with the progress of the art and our 
growth in its knowledge. 


In other words the physiological effects of poor ventilation have continued to 
manifest themselves in much the same way but our knowledge of these manifesta- 
tions are continually changing. Among the effects, which have received the 
greatest amount of study and which are now generally recognized as direct results 
of poor ventilation, are the following: drowsiness, headache, loss of physical 
vitality, feeling of suffocation, temperature discomfort, brain fatigue, irritation of 
the membranes of throat, nose and lungs, infection, drying and cracking of and the 
causing of unnatural discharges from these membranes, disagreeable odors, loss of 
appetite, nervousness and general nausea. 

It is only within the last 20 years that all of these manifestations of poor ventila- 
tion have been definitely recognized and the present era of ventilation started. 

Prior to this time practically all artificial ventilation was attempted on what 
might be termed a quantity basis, based on the theory that the carbon dioxide 
exhaled by persons in an occupied space was the primary cause of such mani- 
festations as were then recognized. As a result of this theory it was believed that 
the most important factor in ventilation was the quantity of air required from 
outside in order to maintain an atmosphere containing not more than 10 parts 
of carbon dioxide per 10,000 parts by volume, within any given space. This 

1 Consulting Engineer. 
Presented at the Semi-Annual Meeting of the AMERICAN SocrETy OF HEATING AND VENTILATING 
Enoinesrs, Kansas City, Mo., June 1924. 
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theory of artificial ventilation has long been deposed and discredited among engi- 
neers, scientists and physiologists, but there are those who still cling to the theory, 
either in its original form, or in one of its many modifications. 

When it was first learned that the quantity of carbon dioxide ordinarily found in 
even poorly ventilated spaces could not, of itself, be entirely responsible for the 
unsatisfactory conditions encountered under such circumstances, the possibility 
of other causes began to be seriously investigated. 

There followed a period.in which it was believed that some form of poisonous efflu- 
vium was exhaled with the human breath was responsible for the vitiation of the 
atmosphere within spaces occupied by human beings. Later this notion was 
disproved and it was believed that something might be excreted from the pores 
of the skin, or that small particles might be given off from the body or the 
internal membranes, so that the atmosphere became thus contaminated with matter 
which upon decomposition formed toxins or poisons to cause the effects noted. 
This rather fanciful theory was soon discredited, however, and then began the real 
study of the subject which has finally brought us to the conclusions upon which 
we are now working. 

The basic idea of ventilation today is quality rather than quantity, or the proper 
conditioning and distributing of.a small quantity of air by efficient compact means 
rather than poor conditioning and distributing of larger quantities with cumber- 
some apparatus too expensive to be kept in operation. 


The real starting point of the modern trend of ventilation in this country can be 
traced to the presentation by Dr. W. A. Evans of the Chicago Health Board, and 
Dr. Luther H. Guilick of the Russell Sage Foundation at the 1911 Annual Meeting 
of the AMERICAN Soctzty oF HEATING AND VENTILATING ENGINEERS of a very 
formidable case against mechanical ventilation, as it was then conducted. 

Prior to this time investigators such as Leblanc (in 1842); Claude Bernard (in 
1857); Hermans (in 1883); Billings, Mitchel, and Bergey (in 1895); and Flugge 
(in 1905) had seriously questioned the carbon dioxide bogy and indicated that 
physical conditions of the atmosphere, like temperature and humidity, have a 
greater bearing upon the quality of air for ventilation than the carbon dioxide 
content. 


It was forcibly brought to light for the first time at this 1911 Meeting that the 
great majority of mechanical ventilating systems installed in hospitals, schools, 
public buildings, etc., were not efficacious and did not produce the comfortable and 
healthful indoor-air conditions desired. A storm of complaints which had been 
gathering for years against artificial ventilation burst forth at this Meeting, and as a 
consequence there was considerable clearing of the atmosphere. The facts that 
hospital patients and anaemic school children generally showed the greatest im- 
provements in open-air rooms, or in rooms without artificial ventilation and that 
operation of the elaborate and expensive ventilating plants in modern buildings 
was rapidly being discontinued were forcibly brought to the front. 


In the discussion at this Meeting it was realized that the majority of the people 
in this country who were vitally interested in the problems of ventilating knew very 
little about proper ventilation requirements. A general confession of ignorance 
and confusion resulted so that enlightenment and improvement were bound to 
follow. One important conclusion reached at the Meeting was that while the heat- 
ing and ventilating engineers had been continuously improving and refining the me- 
chanical apparatus and were in a position to furnish most any condition of indoor 
atmosphere desired, the doctors and physiologists had made little or no progress in 
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the matter of determining just what atmospheric conditions were best suited for the 
maintenance of proper indoor ventilation. The engineers had previously pro- 
ceeded on the theory that the supplying of a sufficient quantity of reasonably clean 
air from out of doors and the exhausting of a proper quantity of foul air, with rea- 
sonable control over temperature and distribution would constitute good ventila- 
tion. The doctors pointed out, however, that this old theory of ventilation, 
based primarily upon dilution for the purpose of keeping the carbon dioxide con- 
tent down to a certain point did not produce satisfactory results. Canned air was 
the term applied to ventilation and it was found to be enervating and dileterious 
to the membranes of the internal air passages. 

Following a period of general dissatisfaction and lack of definite data upon which 
to proceed with the establishment of better ventilation, there came a period of very 
active study and investigation by a number of doctors, physicists, and heating and 
ventilating engineers. Among those whose work contributed materially in this con- 
nection to the present state of the art may be mentioned: Dr. E. Vernon Hill of the 
Chicago Health Commission who has been connected with this development for the 
last 1£ years, Dr. Leonard Hill of London who has been working on the subject for 
about the same period; Drs. Francis S. Lee, and Ernest L. Scott of the Department 
of Physiology of Columbia University who did notable work from 1914 to 1916; 
Dr. Wolff Freudenthal who has worked on the subject since 1900; Dr. James 
Alexander Miller who collaborated with the New York State Commission on Ven- 
tilation; Dr. Gerhard Cocks who also collaborated with the New York State Com- 
mission on Veritilation; Dr. Frederick W. Eastman of Columbia School of Medi- 
cine, G. W. Jones and W. P. Yant chemists of the Bureau of Mines, and Dr. W. J. 
McConnell of the United States Public Health Service who cooperated with F. C. 
Houghten of the Society’s Research Laboratory; the late Dean John R. Allen, 
Dean F. Paul Anderson, Jay R. McColl, E. 8. Hallet and W. H. Carrier members 
of the AMERICAN Society oF HEATING AND VENTILATING ENGINEERS. 

Soon after this new era of ventilation was entered upon the Society’s Research 
Laboratory was inaugurated at the United States Bureau of Mines in Pittsburgh, 
and has taken a leading part in the establishment of new standards and methods 
of ventilation. 


Some Theoretical Standards of Ventilation 


The result of all of this has brought us to the present status of the art where it is 
no longer felt that the chemical composition of the air is the important factor but 
that proper ventilation depends more upon a number of other factors which may 
be stated in the order of their importance as follows: 

1. Air supply 

2. Air temperature 

3. Air cleanliness in reference to its freedom from dust and other suspended 

matter 
. Air sanitation with reference to its freedom from bacteria. 

. Relative humidity 

. Distribution 

Air motion 

. Freedom from odors 

. Freedom from other injurious substances 

. Freedom from monotony, with reference to noise and too much regularity of 
indoor conditions 
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Air supply is still put at the head of the list for the reason that while it is 
no longer considered to be the all important factor in ventilation the amount of air 
to be supplied per person or the number of air changes to be furnished for any par- 
ticular space will always be the starting point, for without air supply there can be 
no artificial ventilation. _ 

The air supply is so vitally affected by the other factors mentioned that it cannot 
be determined independently.and it will be seen, that while this item is placed at the 
head of the list for the reason that it is the natural vehicle upon which the structure is 
carried, its importance beyond this point becomes subordinate to these other factors. 

Air temperature is second for it has been proved by practically all of the accred- 
ited experimenters that overheating is more detrimental to the quality of ventila- 
tion than any other one thing. 

Air cleanliness is third for it has to do with human health both from the stand- 
point of freedom from dust and other suspended substances which irritate and clog 
the air passages, and from the standpoint of freedom from bacteria and other 
media of infection carried along with these substances which constitute the dirt 
in air. 

Air sanitation is fourth as it also affects human health and is correlated with the 
third item. 

Relative humidity is fifth, not because it is of so much less importance than air 
supply and temperature but because it also bears such an intimate relationship 
with these two items that it receives a part of its due consideration in their determi- 
nation. This factor will be further referred to in connection with air supply and 
air temperature in connection with which other factors are involved. 

Distribution is sixth for a similar reason, for while it occupies a much more im- 
portant place than this position might indicate, it is so intimately connected with the 
effective air supply that it receives a part of its consideration therewith. 

Air motion is seventh in the same way, as it too receives a certain amount of its 
consideration in connection with effective temperature. 

Freedom from odors is eighth for the reason that while odors may become quite 
disagreeable and even nauseating they are seldom dangerous or permanently detri- 
mental to health. 

Freedom from other injurious substances is ninth, because these substances 
are so seldom found in ordinary ventilating practice and must be practically elimi- 
nated in any case. 

Freedom from monotony is tenth because it has to do with the last refinements 
and the psychology of ventilation only. 

The first two steps in the new era of ventilation, first—the discovery and admis- 
sion of our ignorance and second—the recognition of these important factors. 


The next steps were to determine what bearing each of these factors had upon 
ventilation and to devise some practical means of measuring and charting these 
effects in comparable terms. 

This work was undertaken by Dr. 2. Vernon Hill, who assisted by O. W. Arms- 
. pach, devised the Synthetic Air Chart which was adopted as the Society’s standard 
in 1920. 

The Synthetic Air Chart takes air supply into account under the heating of COs. 
The scale for this factor is based on the assumption that 300 parts of CO, in 10,000 
parts of air together with the other vitiation which would accompany this quantity 
of CO, when exhaled with the human breath might produce results that would be 
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permanently injurious to health. This is taken as the point where the quality of 
ventilation would drop to zero as far as this factor is concerned and the scale be- 
tween this and the point of perfection, where no CO; is present, is evenly divided 
so that for each part of CO2 in 10,000 (above that ordinarily contained in the outside 
atmosphere and assumed at 4 parts in 10,000) a deduction of '/; per cent is made for 
the particular column, or department, and 0.3 per cent for the final per cent of per- 
fection column, from 100 per cent which represents the point of perfection. 

Air temperature together with air motion and relative humidity are represented 
on the Synthetic Air Chart under the column of wet bulb difference. These three 
factors are combined fer the simple reason that the sensible or effective temperature 
depends not alone upon the dry bulb temperature but upon the relative humidity 
and air motion as well. Conclusions at the time this chart was devised were 
that the sensible temperature varied directly with the wet bulb temperature, that 
it dropped about 3 deg. for the first 100 ft. per min. of air motion and about 2 deg. 
for each 100 ft. per min. of additional air motion for an adult at rest. Also that 
there was a rise of about 11/2 deg. in the sensible temperature for an adult between 
each of the following states of activity 7. e., at rest, light work, moderate work and 
hard work. 

The scale for these factors is based on the assumption that a wet bulb temperature 
of 106 deg., without air motion, would soon cause permanent injury to health and 
this is taken as the point where the quality of ventilation for these factors would 
drop to zero. 

Fifty-six degrees wet bulb temperature, with 70 deg. dry bulb temperature 
was taken as the optimum point of human health and comfort without air motion 
and was assumed to represent 100 per cent quality. The scale is evenly divided 
between these two points so that each degree of difference between the observed 
wet bulb temperature (after correction for air motion and condition of activity) and 
the ideal of 56 deg. represents a deduction of 2 per cent to be made from the 100 
per cent for this column. This is taken to be equivalent to a deduction of 1.8 per 
cent per degree difference in the final percentage of perfection column. 


Within the past two years these determinations have been somewhat modified 
by the findings of the Society’s Research Laboratory as shown in the comfort charts 
to be found in the Society’s publications.” 

One correction is, that the sensible or effective temperature does not vary directly 
with the wet bulb temperature, but along lines lying about midway between the 
wet and dry bulb lines, within the usual temperature range for ventilation without 
air motion, and approaching the dry bulb lines as the air motion reaches 500 ft. 
per min. Another correction is that the first 100 ft. per min. of air motion pro- 
duces a reduction in the sensible temperature of about 3.3 deg. instead of 3 deg., 
1.7 deg. more for the next 100 ft., 1.5 deg. more for the next 100 ft., and 1 deg. 
for each additional 100 ft. per min. velocity up to 500 ft. per min., all based on 
the still air effective comfort lines’ temperature of 64 deg. These new values 
should be substituted for wet bulb temperature differences in the Synthetic Air 
Chart and the entire column be headed effective temperature difference instead of 
wet bulb difference. 

Dust, bacteria and odors are grouped under one heading in three separate col- 
umns and arranged for penalties somewhat similar to those for the two factors re- 
ferred to previously. The dust column is arranged so that each 10,000 particles 


2 Cooling Effect on Human Beings Produced by Various Air Velocities, by F. C. Houghten and 
C. P. Yagloglou, p. 193, TRaNsacTions, 1924. Also p. 133, Gurpg, 1923. 
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SYNTHETIC AIR CHART 
FOR DETERMINING THE PERCENTAGE OF PERFECT VENTILATION 
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of dust per cu. ft. represents a penalty of 4 per cent for this particular column or 
department and 1 per cent in the final percentage of perfection column. The 
bacteria column is arranged so that each 5 colonies represent a penalty of 2 per cent 
for this particular column or department and 1 per cent in the final percentage of 
perfection column. The odors’ column is arranged so that each 10 per cent below 
the standard of perfection of freedom from odors represents a penalty of 3 per cent 
in the final percentage of perfection column. 


There is a separate column for distribution arranged with a scale imposing a 
penalty of 15 per cent for 50 per cent perfection of distribution and graduated so as to 
show a penalty of 1 per cent in the final percentage of perfection column for each 
31/3; per cent of deficiency in the quality of distribution below perfection. Other 
injurious substances are treated in a separate column having an arbitrary scale. 


Finally there is a percentage of perfection column where the difference between 
the sum of all the penalizations and 100 per cent represents the composite percent- 
age of perfection for the ventilation conditions represented. 


Taken all in all this chart is a fairly satisfactory measuring medium for quality 
of ventilation and covers all of the factors referred to above with the exception of 
freedom from monotony. It needs to be simplified so that it may become more gen- 
erally useful and the relative values of some of the scales may require some read- 
justments. 


The readings of all of the plus percentage columns should be reversed so as to 
read up from a zero or minimum base line toward the top of the chart so as to be in 
keeping with one’s general practice in the use of charts. The deduction columns 
should all read downward so that the top of the /s in. heavy black vertical line to 
be charted in the center of each column will represent both the percentage of penalty 
and the remaining percentage of perfection for each particular factor. The CO, 
column and the distribution column might be combined into one column under the 
heading of effective air supply. The comfort chart should be revised in accordance 
with the latest authentic data on the subject from the Society’s Research Labora- 
tory. 

The subject of moderate air motions, within the scope of ordinary ventilation 
practice, needs more investigation and the effects of the different states of activity 
of occupants needs to be checked by the Laboratory. 


The Synthetic Air Chart was adopted five years ago, but it has seen but little prac- 
tical use for two reasons. One is that it needs simplifications somewhat along the 
lines suggested above and the other is that it has remained as nothing more than a 
measuring medium by which the percentage of perfection of any existing conditions 
could be charted and read off or compared with any other so charted set of condi- 
tions, but there has been no key to define what percentage of ventilation, as shown 
by this chart, would be considered good standard practice for any particular build- 
ing, class of buildings or other ventilation requirement. 


The lack of this key has greatly retarded the establishment of proper ventilation 
standards. Fortunately, within the past year Dr. Hill has come out with such a 
key and it is given herewith as the first practical attempt to define what ventila- 
tion standards according to this chart should be maintained for the different re- 
quirements of spaces for which ventilation is ordinarily attempted. 


Another thing which has materially retarded the establishment of better ventila- 


tion is the persistent stand which practically all of our scientists and quite a few of 
our engineers have maintained against the recommending of any standards cover- 
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E. Vernon Hill’s Table of Recommended Percentages of Ventilation Perfection for 
Different Classes of Buildings When Tested According to the Synthetic Air Chart 


Schools New Buildings [Existing Buildings 
0 % 
oid cia dab des 46 6a eee ele 95 90 
Manual Training Rooms............... 90 85 
Domestic Science Rooms............... 90 85 
PE I as cick ta neccnwesoneee 90 85 
i dn NS Vay cen atta tm ph 85 80 
Ns a ak oe a's apace daw aie aaa 85 80 
Nh 53:35 ctrsg ad os an sinanenen sae 85 80 
Hospitals 
ee eer ac cava with ls das ohh cer SGA 95 90 
NN EEO TOOT HOTT 98 93 
ES cn cadedavncennennnanees 90 85 
Theatres ‘ 
NN acct og adlaceaseseces 90 85 
EE TROIIE, BOE. ono 6c oc cccccscues 85 80 
Dance, Lodge and Assembly Halls....... 88 83 
Office Buildings 


Offices in office buildings or other build- 
ings where persons are continuously 
SIS ts eras cq bs nirn hare ah woikieevaredeace 90 85 


Factory Buildings 


The percentage desirable for factory buildings will vary over a considerable range, 
depending upon the character of the work and of the process employed, modified to a 
considerable degree by the dust content of the air and the possibility of maintaining it 
free from objectionable dust and fumes. This will require a careful classification and 
considerable study. 


ing the preference in methods or apparatus to be used for the production of any 
predetermined standard of ventilation. 

When it was first realized that mechanical ventilation was not satisfactory and 
that open-air rooms and open-window ventilation appeared to be more satisfactory, 
a great controversy was started as to whether natural or mechanical ventilation was 
the better and as to preferable methods of mechanical ventilation. Later many of 
those who did not care to enter this controversial field took the position of trying to 
define ventilation abstractly without any reference whatever to the method or means 
of its production. 

For a long time, therefore, and up to within the past year the scientists and 
physicists have maintained the position that certain standards of ventilation chould 
be produced and that there was no practical way of specifying or even suggesting 
any preferable method of securing these desired results and that the only approved 
method of procedure was to use whatever way might be thought necessary and 
then if it met the standard it would be approved but if it failed to meet the standard 
some other method must be tried. In other words the tendency in this direction 
was to take a position analogous to that of a doctor who might say that he had no 
particular methcd for treating your case but would go ahead with a treatment on 
the basis thai it would be decided from the results as to whether the treatment 
was correct, or of the lawyer who might say that he had no particular plan for 
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trying your case, but would go ahead and decide from the results as to whether 
the plan used was a good one. 


Applied to ventilation this idea, of course, has been proven unsatisfactory since 
the architect, the engineer or the owner who wishes to produce a ventilating plant 
which will be satisfactory for any particular operation must, before plans and 
specifications are drawn and before the work is actually installed know what kind 
of an apparatus will produce the desired results. After the apparatus is designed 
and installed it is too late to change to some other that might have been better. 


The New York State Commission on Ventilation started out in 1914 to establish 
proper standards of ventilation but after working for about six years did little more 
than confirm the already existing opinions, that overheating was one of the great- 
est evils of artificial ventilation, and that the carbon dioxide content of the air was 
not the most important index of its quality. 


Fortunately Dr. Hill has come to the rescue again this year with another key to 
this situation and given a table showing the quality of ventilation that may be 
expected from the several methods of ventilation, generally employed. 


This table is given below. 


E. Vernon Hill’s Suggested Types of Equipment for Different 
Synthetic Air Chart Percentages 


The following classification is given to assist the engineer in selecting the type of equip- 
ment necessary to comply with certain percentages on the Synthetic Air Chart. It will 
be understood that considerable variation will be found in a certain class of equipment 
due to individual ideas on the part of the designer, the character of the installation work, 
the location of the building in which the equipment is installed, etc., nevertheless, it can 
be stated that if the equipment is properly designed, installed and operated it will give 
at least the percentage under the classification. The classification, moreover, is not 
arbitrary, but based on sound logic, amply sustained by experience. 


Competent engineers at the present time do not look upon ventilation problems as 
dealing with the unknown or mysterious. The relations between temperature, hu- 
midity and air motion necessary for comfort have been worked out with a fair degree of 
accuracy. The necessity for clean air is understood and its proper distribution is only 
a matter of good engineering. To design a 100 per cent apparatus, therefore, it is 
necessary to provide apparatus for heating and humidifying the air, for thoroughly 
cleaning it and properly distributing it with controlling devises that will maintain the 
temperature and humidity in conformity with the zero equivalent temperature line as 
given by the Research Laboratory. Any part of the equipment that is omitted and any 
part that is inefficient will reduce the final percentage in a direct ratio. 


Class A—100 per cent equipment. A mechanical supply and exhaust system consisting 
of the following: 


. Positive air supply having a maximum capacity of 30 c.f.m. per occupant 

. Mechanical exhaust equipment with exhaust registers effectively located 

. Perfect air distribution 

. Accurate automatic temperature control 

. Efficient humidifying devices 

. Accurate automatic humidity controlling apparatus 

. Efficient air washers, filters or other air-cleaning devices, having an efficiently 
not less than 99 per cent 
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It is understood that a 100 per cent efficient equipment is a physical impossibility 
owing to the fact that to secure a 100 per cent result would necessarily mean that air 
cleaning devices be 100 per cent efficient; that temperature and humidity control main- 
tain temperature and humidity conditions absolutely on the comfort curve; that air 
distribution be perfect, etc. All these results cannot be obtained although a 99 per cent 
apparatus and an approximately 99 per cent test by the Synthetic Air Chart is possible. 


Aer LS Ve 


SSE 








386 TRANSACTIONS AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 


Class B—o5 per cent equipment. Mechanical supply system consisting of the following: 
A positive air supply with a maximum capacity of 30 c.f.m. per occupant 

A well designed gravity exhaust system 

Efficient air distribution 

Accurate temperature control 

. Adequate humidifying apparatus 

. Adequate humidity control 


> 1 9 BO 


Air cleaning devices have been omitted in the 95 per cent equipment as this per- 
centage can be obtained under ordinary conditions without air washers or filters. In an 
exceptionally clean locality, such high percentages can be obtained. 


Class C—go per cent equipment. A mechanical supply system consisting of the following: 
. An adequate air supply with 30 c.f.m. per occupant 

. Gravity exhaust 

. Efficient air distribution 

. Automatic temperature control 

. Adequate humidifying apparatus 

. Humidity control in the main duct only or from a typical room 


Our Che 


Class D—85 per cent equipment. A mechanical system consisting of the following: 
1. An accurate air supply with a maximum capacity of 30 c.f.m. per occupant 
2. Gravity exhaust or exhaust openings 
3. Good air distribution 
4. Automatic temperature control 


Class E—8o per cent equipment. 


1. A positive air supply with gravity exhaust but without air-cleaning jaite 
humidifying apparatus, temperature or humidity control 

2. Direct-indirect systems with either mechanical or gravity exhaust 

3. Open window or other so-called natural systems of ventilation 


Note: Synthetic Air Chart—The final form of the Chart and the text will be re- 
vised and comfort based upon the equivalent temperature curve rather than 
on the wet bulb. 


Some Practice’ Standards of Ventilation 


| Turning back to the ten factors previously given under the theoretical standards 
of ventilation, it will be seen that these might be grouped as follows: Air supply 
| and air distribution under one head which might be termed, effective air supply. 


Effective air supply would then represent the amount of air actually brought 
| into proper relationship with the occupants of the ventilated space. It is said that 
t an adult could exist indefinitely on the quantity of oxygen contained in 5 cu. ft. 
of air supplied per hour if the lungs could extract all of this oxygen. The practi- 

cal percentage of extraction is placed at 25 per cent so that 20 cu. ft. of air per hour 
will sustain life. An adult at rest expires about 0.6 cu. ft. of CO. per hour so that 
with 20 cu. ft. supplied per hour the CO, content would be 300 parts in 10,000. 
This equals the 300 parts fixed by the Synthetic Air Chart for zero ventilation. 


If a deduction of 0.3 per cent is allowed for each part of CO, in 10,000 and then 
is divided by the distribution percentage, we would get the deduction percentage for 
what might be termed the effective air supply column, covering both of these fac- 

tors. For example, if the CO, test showed 6 parts above the outside air standard 
of 4 parts in 10,000 we would have according to the Synthetic Air Chart a deduc- 
tion for CO, of 6 X 0.3 = 1.8 per cent. If for this condition the test showed a 
distribution of 50 per cent, we would have 1.8/50 per cent = 3.6 per cent as the 
combined deduction for these two factors in the effective air supply column. This 
would be the same as would be got in the CO, column alone with the ahalfir sup- 
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ply and perfect distribution which is as it should be, as the usefulness of the air 
supply would be the same in either case. This would simplify the chart and put 
the measure of these two factors on a more scientific basis. 
It has already been seen that air temperature, relative humidity and air motion 
naturally combine under what has been termed effective temperature. 
Remaining then are the following practical factors of ventilation, stated in the 
order of their importance. 


1. Effective air supply 

. Effective air temperature 

. Air cleanliness 

Air sanitation 

Odors 

. Other injurious substances 
. Monotony 


Taking these as a basis and including the other suggestions made, the Synthetic 
Air Chart might be put into the following simplified and perhaps more usable form. 


A further suggestion is, that since the percentages of deduction for the particular 
columns, or departments, representing effective temperature and effective air sup- 
ply are so nearly the same as the corresponding deductions to be carried over into 
the final percentage of perfection column, that these be made exactly the same, for 
the sake of simplicity and ease of use. Another suggestion is that a function on 
effective temperature distribution be added similar to that suggested for the 
effective air supply. 


In the normally crowded city place of assemblage the heat given off by the oc- 
cupants together with that given off by the lighting and power equipments is usually 
more than the normal heat loss through the structure to the outside air, even in 
winter under cold climatic conditions. This means that in order to preserve an 
equilibrium of effective temperature the entering air must be cooler than the 
leaving air, so that the problem is usually one of cooling and ventilating rather than 
of heating and ventilating. 


A typical case for winter might show about 300 B.t.u. of body heat plus 100 B.t.u. 
from light, etc., being given up to the building against 200 B.t.u. heat loss from the 
building, per person per hour. This would mean that 200 B.t.u. per person must 
be carried away by the air. 


If the flow of air is upward, or from the side, so as to bring the incoming air into 
direct contact with the occupants, the temperature of the incoming air may not be 
more than 5 deg. below the temperature of the air leaving the occupant (for ceilings 
10 ft. or less in height) otherwise the ventilation will be drafty and uncomfortable. 
This difference may be increased 1 deg. for each 2 ft. of added ceiling height pro- 
vided the rising air does not come into direct contact with another tier of occupants. 
For 10 ft. and lower ceilings the quantity of air per person to dissipate this excess 
heat is 200/60 x 0.02 X 5 = 33 cu. ft. per person per min. This may be reduced 
somewhat on the assumption that the component of heat from lights is usually intro- 
duced near the ceiling and may be allowed to heat the outgoing air to a greater 
difference. 


In the practical work of engineers who design ventilating systems and of archi- 
tects and owners who have to pass upon these systems, the one item involving stand- 
ards which is the basis of all calculations and layouts, is the quantity of air to be 
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handled by the system to be used, for producing the results desired. The functions 
of the air handled in connection with ventilated spaces are, to supply the necessary 
oxygen for respiration, to keep the dilution of CO. and other objectionable sub- 


PERCENT 


EFFECTIVE AIR SUPPLY 
DISTRIBUTION 


1A ODORS 


MODIFIED SYNTHETIC AIR CHART 
Fic. 2. SuGcEsTED Moprrrep Form oF SYNTHETIC AIR CHART AND CoMFORT CHART 


FrECTIVE 





stances down to the proper point, and to maintain the proper effective air tempera- 
ture. 

The air handled may consist entirely of air taken in from the outside or it may con- 
sist partly of new air and partly of recirculated air. 

On the basis that the air brought in from the outside is for oxygen supply and di- 
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/ 
lution only, the following cubic feet per minute per person would be required for } 
. . . e 
the ventilation percentages shown, if all other factors are 100 per cent perfect. f 
Fj 
f 
: 
Method of Using Modified Synthetic Air Chart 
The accompanying chart, Fig. 2, (on opposite page) represents the q 
same conditions as shown on chart Fig. 1, corresponding to the fol- { 
lowing test data: i 
Dry bulb temperature............. 72 deg. i 
Wet bulb temperature............. 58 deg. 
SN 55.5: 5,055-0'9.0/4/650 06 8:0 oe RIO 20 ft. per min. 
Teri toe Light work 
EERE LEE Ie eee ae 10,000 particles per cu. ft. 
CE secceneteeenesinesudenhs 10 colonies on a 2 min. plate { 
Mae. 6 ni Ramiaewsceceaeeee 90 per cent free from a 
Dacia hieaeaie Pie 4 he hh ok oe Weck ee -. 7 parts per 10, 1 
Other injurious substances......... one iy 
rrr 81.4 ‘Tf 
1 The values are plotted on the modified chart as follows: Referring to the ' 


Comfort Chart shown between pages 134-135 of the AMERICAN SocIETY OF 
HEATING AND VENTILATING ENGINEERS’ GUIDE, 1923, it will be seen that a dry 
bulb temperature of 72 deg. with a wet bulb temperature of 58 deg. shows an 
effective temperature of 65.25 deg. It will be seen 7 as to Fig. 10 on 
ge 180 of the February 1924, JOURNAL AMERICAN IETY OF HEATING AND 
Vawriatino ENGINEERS that the air motion of 20 ft. per min. would reduce this 
effective temperature about 0.75 deg. Assuming from previous data that the 
poy of light work would reduce the comfort line 1!/2 deg. it would bring this to 
; » deg. instead of 64 deg. This will leave an effective temperature difference if 
of 2 deg. ff 

This corresponds to a deduction of & cent for this particular column ft 
leaving a plus percentage of 95 per cent. is 5 per cent deduction in the effec- 
tive temperature column corresponds to a yt of 4.5 per cent in the final 
percentage of perfection column. 

The 10,000 particles of dust corresponds to 96 per cent in the plus column for 
this particular department and a minus 1 per cent to be deducted in the final 
percentage of perfection column. 

The 10 colonies of bacteria correspond to 98 
this department and a minus 1 per cent to be di 
perfection column. 

The 90 per cent freedom from odors correspond to 94 per cent in this particu- 
ie column and a deduction of 1.5 per cent for the final percentage of perfection 
column. 

The seven parts of CO: (3 parts above the normal CO: contents of the out- 
side air) correspond to a plus [pene y of 99 per cent for this particular de- 
partment and a deduction of 0. r cent in the minus column. 

This 0.9 per cent is extended over to the di 1 line corr g to 
80 per cent distribution and from the intersection of these two lines a perpendicu- 
lar is dropped to the line showing the combined minus per cent for CO: and dis- 
tribution, which is found to be 1.15. 

Adding these several deductions we have the following: 


cent in the plus column for 
ucted in the final percentage of 


_as 





For effective temperature difference minus 4.5% 


For effective air supply, 


minus 1.15% 


For dust, minus 1% 
For bacteria, minus 1% i 
For odors, minus 1. 5% 





Total 9.15% 


This deducted from 100 per cent leaves 90.85 per cent which is plotted in | 
the final percentage of perfection column. if 




















In theatres, assembly rooms, auditoriums and other places of public amusement 
and assemblage there are usually several other factors to consider, such as the re- 


moval of excess heat, excess moisture, dust raised by the movement of the occupants 
and odors. 
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P of ary. weer 
Font Rawace” | Kem gr vo 
98% 15.0 30 

ge 7.5 15.0 
94% 5.0 10.0 
92% 3.75 7.5 
90% 3.0 6.0 


For 85 deg. outside air and 70 per cent relative humidity in the summer the effec- 
tive temperature percentage of perfection would drop to 60 per cent without any 
change in the air from outside conditions. Assuming that the distribution was 
85 per cent perfect the total deduction would be 40/80 per cent = 50 per cent 
leaving a plus percentage of 50 per cent for this column. This corresponds to 45 
per cent reduction in the final column, leaving 55 per cent perfection of ventilation 
for any amount of air supply, provided all other departments are 100 per cent. 

Assuming that the air supply is 30 cu. ft. per person and that the body heat and 
heat from equipment will raise this 5 deg.; also that the vapor added per person is 
10 grains per minute or 0.33 grains per cu. ft. of air handled, the effective tempera- 
ture difference will be raised about 2'/; deg., so that the percentage of ventilation, 
would drop about 6 per cent more, leaving 49 per cent ventilation. It will be 
seen therefore, that we may not hope to get better than 40 per cent to 60 per cent 
ventilation in warm summer weather without some method of air cooling. 

Air motion will assist but unless increased beyond the usual 10 to 20 ft. per min. 
ordinarily obtained from the movement of the air through the room it will not im- 
prove the percentage of ventilation more than 2 to 3 per cent. 

By the use of refrigerating and dehumidifying apparatus this effective tempera- 
ture department can be maintained at any desired percentage of perfection. The 
use of a good air washer should reduce the temperature about 70 per cent of the 
difference between the wet and dry bulb temperature. This for the above case 
would reduce the effective temperature difference about 2 deg. corresponding to an 
increase of 5 per cent in the final percentage of the ventilation. 

It will be understood that the above is rather an extreme case of temperature and 
humidity and that the final percentage will be improved by the air washer in a 
greater proportion if the relative humidity of the outside air is lower. 

For a condition of 80 deg. dry bulb and 50 per cent relative humidity, the per- 
centage for the entering air would be 79 per cent, the percentage leaving the occu- 
pants would be 67.5 per cent and the air washer would improve this to 76 per cent. 

Assuming that 90 per cent ventilation is desired for places of assemblage, that 
distribution will be 75 per cent, dust 96 per cent, bacteria 98 per cent and odors 
85 per cent, there will be a deduction of 1 per cent for dust plus 1 per cent for bac- 
teria plus 1.5 per cent for odors making a total of 3.5 per cent and leaving a de- 
duction of 6.5 per cent for effective temperature plus effective air supply/ 

Assuming that the effective temperature can be controlled in winter to within 
1 deg. above or below the comfort line there would be a deduction of 2'/2 per cent 
for this, leaving a deduction of 4 per cent for effective air supply. With 75 per cent 
distribution this would leave 3 per cent deduction for CO, corresponding to an air 
supply of 10 cu. ft. per min. per person. 

For a summer condition of 80 deg. dry bulb and $5 per cent relative humidity 
without air cooling the effective temperature percentage would drop to 74 per cent 
for the entering air and 52 per cent for the air leaving the occupants. This would 
be raised to 66 per cent with the air washer. 
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For 30 cu. ft. per person per minute these percentages would change to 74 per 
cent for the entering air, 66 per cent for the air leaving the occupants and 76 per 
cent with air washers. 

For 40 cu. ft. per person per min. these values would change to 74 per cent, 67 and 
80 per cent, and for 50 cu. ft. per person to 74 per cent, 68 and 81 per cent. 


It will be seen from this that 10 cu. ft. of air taken in from the outside, per person 
per minute, is sufficient for winter conditions but inadequate for summer climates, 
where heat and humidity are the determining factors, unless refrigeration is used. 
It should also be noted that increasing the air supply from 10 to 50 cu. ft. per per- 
son per min. gives little improvement unless some form of artificial cooling is used. 

It would seem then that about 75 per cent ventilation can be obtained under 
reasonably severe summer conditions with an air supply of 30 cu. ft. per person, 
using an air washer, and that beyond this point there is little to be gained by in- 
creasing the supply. It should be noted that the above is based on upward ven- 
tilation and that the cooling effect of from 5 to 10 deg. with air washers and of per- 
haps twice this amount with refrigeration will produce uncomfortable drafts on the 
occupants at times. For this reason and for the further reasons that it is more 
sanitary and more easily controlled, the downward system of ventilation is perhaps 
more efficacious in large and intensely used places of assemblage. On account of 
transporting all of the heat from lights downward and of forcing the body-heated 
air back over the occupants it is usually necessary to do much more cooling of the 
air than can be done with the air washer without refrigeration. 

On the other hand the air is brought in high enough to permit of its being diffused 
and brought to the proper condition before coming into contact with the occupants. 
It can be seen, therefore that the air supply per person per minute for assemblies 
could be 10 cu. ft. in winter, 30 cu. ft. in summer with air washers and anywhere 
between these two figures for the entire year with refrigeration. Also that nothing 
better than about 75 per cent ventilation can be secured in hot sultry summer 
weather without artificial cooling but that with such cooling, especially if the air 
supply is taken from overhead and exhausted from below, most any percentage 
of perfection can be maintained. 

The foregoing does not take into consideration the matter of recirculation, but 
it can readily be seen that there is little to be gained by recirculation unless an ap- 
preciable amount of CO, and attendant impurities which are put into the air, can 
be taken out during recirculation. The handling of the larger quantity of air may 
be of value either to produce air motion or for use as a better cooling medium with 
less temperature difference between incoming and outgoing air. Recirculation 
may also be used as a purely economic feature during the warming up of the build- 
ing or during periods when the space is only partly occupied and the mechanical 
arrangements are inadequate for properly varying the quantity of air handled to 
suit. 

A good arrangement is to provide apparatus for handling 30 cu. ft. of air per per- 
son ‘per minute with provisions for recirculating any amount up to as much as 2/; 
of this. The percentage of air recirculated may be varied to suit the seasonal change 
so as to conserve heat in winter and refrigeration in summer. 

Where effective temperature is controlled, according to the usual method, from 
the dry bulb temperature in the room there may be a wide variation in this effec- 
tive temperature due to the varying amounts of moisture in the air, unless humidify- 
ing apparatus with accurate humidity control is employed. 

Between the condition of absolute dry air at 70 per cent and absolutely saturated 
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air at 70 deg. there is a difference of 10 deg. in effective temperature which means 
an average difference of 25 per cent in the quality of ventilation. This may be 
taken to mean about 10 per cent on each side of the neutral point for ordinary 
ventilating conditions so that the air washer and humidity should improve the 
ordinary ventilating plant another 10 per cent on this count. Good filters will of 
course serve the same purpose for cleaning the air of suspended matter, and may 
improve the ventilation about 10 per cent. 

In schools where the requirements are not so severe and it is not necessary to 
provide for summer conditions as much as 90 per cent of the air is being very suc- 
cessfully recirculated. The use of ozonation for eliminating odors and for other- 
wise refreshing the air is advisable wherever recirculation is regularly and inten- 
sively employed. 

It should be noted’in connection with our present means of measuring and com- 
paring qualities of ventilation that we do not take into account any of the functions 
of the relative humidity of the air except that bearing upon effective temperature. 
This means that air of any temperature and relative humidity, within proper physi- 
cal range, 7. e., below 64 deg. wet bulb, may be made to meet the comfort line by 
either heating or cooling without addition or deduction of moisture. Absolutely 
dry air may be heated or cooled to 78 deg. and be 100 per cent perfect as far as 
effective temperature is concerned and still be far from perfect as far as effects on 
the membranes of nose, throat and lungs are concerned. Such dry air is also very 
conducive to the increase of dustiness in the atmosphere of a room from the stand- 
points of dryness and electro-static agitation. The air washer and humidifier 
correct these difficulties and there should be some definition of limits for the rela- 
tive humidity in our measure of ventilation. 

It is not unusual to find from 1 to 2 million particles of dust per cubic foot in the 
outside air surrounding city buildings and unless this is eliminated it will give dust 
counts in rooms equivalent to a deduction of from 5 to 20 per cent in the perfec- 
tion of ventilation. 

A good air washer should eliminate 80 to 90 per cent of the dust entering the in- 
take and perhaps reduce the dust penalty in the rooms to less than one half of the 
above figure. It will be seen, therefore, that air washing and humidification may 
improve the quality of ventilation about 10 per cent in the effective temperature 
department, plus another 10 per cent in the dust department, plus other improve- 
ments in the quality of ventilation by maintaining proper humidity and removing 
other injurious substances and odors. 

When intensive recirculation is employed the use of milk of lime in the washer 
water may be employed to assist in the removal of CO, from the recirculated air. 

In connection with the ventilation of schools the condition in the class rooms for 
average winter conditions is that the body heat given up to the room from the oc- 
cupants is less than the heat loss from the building to the outside air so that the 
incoming air may be maintained at a higher temperature than that of the air sur- 
rounding the occupants. This means that the effective temperature may be con- 
trolled within 1 deg. above or below the comfort line. 

Assuming that 95 per cent ventilation is required for class rooms, that the distri- 
bution is 85 per cent and there is no deduction for dust, bacteria or odors, we could 
have a deduction of 85 per cent of 2.5 per cent which is equivalent to about 2 per 
cent for CO2. This would mean 15 cu. ft. of air per pupil per minute. 

The usual requirements of state laws is 30 cu. ft. per pupil which would mean a 
deduction of 1 per cent for CO, leaving a 4 per cent deduction for effective tempera- 
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ture, dust, bacteria and odors. Allowing a deduction of 2'/2 per cent for effective 
temperature there would be a possible deduction of 1'/2 per cent for these other 
items. It will depend therefore upon the quality that can be maintained for these 
other items as to the actual quantity of air required between 15 and 30 cu. ft. per 
minute per pupil. 

Where intensive recirculation is employed the extent of the recirculation will de- 
pend on the quantity of CO2, odors and other objectionable factors which can be 
removed from the recirculated air and also upon the ability to keep the relative 
humidity from rising to an undesirable point on accout of the vapor given up to 
the air by occupants of the building. There is no question but that with proper 
apparatus and operation recirculation in class rooms can be successfully carried 
to from 75 to 85 per cent where 30 cu. ft. of air per minute is handled per pupil. 

In the ventilation of school auditoriums where the occupancy of the rooms is of 
relatively short duration of from 1 to 2 hours the initial air in the rooms may be 
relied upon to reduce the intensity of ventilation required so that from 15 to 20 
cu. ft. of air per person per minute is usually sufficient. 

School toilets should be separately ventilated with an air change of from 2 to 5 
min. employing mechanical supply and exhaust with the exhaust 20 per cent in 
excess of the supply in order to prevent objectionable odors from diffusing into other 
parts of the building. 

Kitchen and lunch rooms should be ventilated with about a 5-minute air change 
for lunch rooms and a 1- to 3-minute air change for kitchens with at least a part of 
the exhaust taken from the lunch rooms through the kitchen so as to keep all of the 
air traveling towards the kitchen, thus preventing the kitchen odors from diffusing 
into the lunch rooms. 

In the ventilation of hospitals the wards may be treated much the same as the 
class rooms of a school with the exception that it is inadvisable to use recirculation 
on account of the danger of contagion. ‘ 

Toilets should be ventilated separately the same as for schools. 

Dining rooms, kitchen and diet kitchens should have double mechanical ventila- 
tion giving from 3- to 5-min. air changes for dining rooms, from 1- to 3-min. changes 
for kitchen with the exhaust about 20 per cent in excess of the air supply with at 
least a part of the dining room exhaust passing out through the kitchen so as to keep 
all of the air travel toward the kitchen and prevent diffusion of odors throughout 
the building. 

Dining rooms, kitchen and toilet exhaust should be discharged above the roof 
of the building. 

Exhaust from kitchen range hoods should be discharged by a separate exhaust 
fan through a fire proof metal duct extending above the roof of the building pro- 
vided with automatic fire damper and steam jet fire extinguisher for use in case of 
emergency, as the accumulation of the grease vapors in this flue frequently causes 
fire. 


Private rooms if ventilated should be provided with double mechanical supply 
and exhaust ventilation as either a supply without exhaust or exhaust without 
supply will tend to force or draw the contaminated air from one room to another. 

Hotels, kitchens, restaurants and dining rooms should be ventilated the same as 
for hospitals. 

It would be interesting to analyze the ventilation for other classes of buildings 
if time and space were available but in lieu of this the following table is submitted 
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in an endeavor to outline the kinds of spaces usually requiring ventilation in various 
classes of buildings together with the quantity of air ordinarily used for securing 
good ventilation results. 


.TaBLeE 1. Cusic Feet of NEw Am To Bg Suppiiep Per PERSON PER MINUTE 


With With Number 
Without humidification humidification of air 

humidification but without an changes 

or recirculation recirculation recirculation per hour 
SCHOOLS 
Class Rooms 30 20 5 to 10 
Assembly Rooms 15 to 20 10 to 15 5 to 10 
Gymnasiums 30 25 15 to 20 
Toilets 10 to 20 
Locker Rooms 5 to 10 
Kitchens. 20 to 60 
Lunch Rooms 10 to 20 
THEATERS 
Seating Space 30 to 50 20 to 30 10 to 15 
HOSPITALS 
Wards 30 to 40 20 to 30 
Kitchens 20 to 60 
Dining Rooms 10 to 20 
Toilets 10 to 20 
HOTELS 
Dining Rooms 10 to 15 
Kitchens 20 to 60 
Ball Rooms 5 to 10 
Work Space 5 to 10 
Assembly Rooms 20 to 30 15 to 20 10 to 15 

APPENDIX 


Special attention is called to the fact that all that has been said regarding the 
quality of véntilation, as effected by effective temperature for Summer conditions, 
is based on our present standard of a 64 deg. comfort line, applicable to all seasons 
of the year. 

There is no question that the seasonal differences in the out of doors atmospheric 
conditions, the difference in the weight of one’s clothing between Winter and 
Summer and the corresponding physiological reactions between being out of doors 
and indoors should have considerable bearing upon the comfort line. 

In the measuring of the quality of ventilation we should no doubt, therefore, use 
different effective temperatures for comfort for the different seasons of the year 
and it may be that the comfort line should be made a function of the outside 
effective temperature. 
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SOME COMMENTS ON PRESENT DAY HEATING 
AND VENTILATING PRACTICE 


By W. S. Troamis,! New York, N. Y. 


MEMBER 


HE influence of heating and ventilation in our everyday activities will be 


discussed briefly, end an attempt will be made to outline the results of ~ 


recent investigations in heating and ventilating research. General data 
will be given on the physical requirements for heating and ventilation as deter- 
mined by the Research Laboratory of the AMERICAN SociETY OF HEATING AND VEN- 
TILATING ENGINEERS; reference will be made to the investigations of the New York 
State Commission on Ventilation, also to the analysis of its report made by a Special 
Committee of the Society; and consideration will be given to the various kinds of 
heating. systems now in common use. In the discussion of these subjects the 
factors that will be included cover properties of air, effect of humidity and air 
movement, maximum temperatures, psychology of the open window, heating 
requirements, infiltration and radiation. 

The Research Laboratory of the A.S.H.&V.E. is working in conjunction with 
the U. 8. Bureau of Mines in Pittsburgh and is fully equipped with a competent 
staff of physicists and scientists who are working out the underlying problems of 
this general subject and are giving attention to the development of fundamental 
data for the use of engineers, architects, contractors and the public in general who 
are interested in the science and application of heating and ventilation. 

For many years the thermometer reading separate degrees on the fahrenheit 
scale has been regarded as the guide for temperature conditions, and as registering 
a comfortable degree of temperature irrespective of humidity, air movement, 
persons at rest or working, engaged in either sedentary occupation, or in active 
work. The thermometer which is used is, in reality, only partially successful in 
giving an indication of the proper atmospheric condition. From a large number of 
tests which have been made, it has been ascertained that a comfortable air condi- 
tion is one involving higher temperatures when the air is dry than when the air 
is moist, and higher temperatures when the air is moving than when it is stationary. 
The effect of humidity on comfort is readily understood by referring to the Comfort 
Chart Fig. 1. It will be seen that the Comfort Zone is quite broad with humans at 
rest, and that the average person can be quite comfortable within that zone. From 
this chart it will be seen that people are quite as comfortable with a wet bulb tem- 


1Consulting Engineer. 
Presented at the Semi-Annual Meeting of the American Society oF HEATING AND VENTILATING 
meee = + ee City, Mo., June 1924. (First delivered as an address before the students of 
assar College. 
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perature of 64 deg. fahr., and the air saturated, as with a 70 deg. temperature on 
the dry bulb, with 57 deg. temperature on the wet bulb, which would give a percent- 
age of moisture of about 45 per cent, and the same degree of comfort can be experi- 
enced with 76 deg. dry bulb temperature with 10 per cent moisture. 
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The wet bulb thermometer, known as a psychrometer, consists of two ther- 
mometers, one of which is covered with a piece of silk moistened with clean water. 
By revolving this psychrometer, air motion can be produced on the wet bulb ther- 
mometer and the water in evaporating will abstract a certain amount of heat 
from the wet bulb. A lower temperature will be shown or a difference in tempera- 
ture between the dry bulb and the wet bulb which is a measure of the humidity. 
The percentage of humidity can be found by referring to the Comfort Chart. The 
other chart (Fig. 2), will give an idea of the effect of air movement and shows con- 
clusively that, for the same comfort, higher temperatures are necessary when air 
is in motion. 

Perhaps the best definition of ventilation is the one following, given by the 
American Society HEATING AND VENTILATING ENGINEERS: 


Ventilation perfection is attained when the atmospheric condition in 
every part of a room with proper air motion occupied by human beings is 
continually maintained with normal amount of oxygen and free from 
dust, bacteria, odors and poisons, and the temperature and humidity 
quality shown within the comfort zones, as determined by the AMERICAN 
Society or HEATING AND VENTILATING ENGINEERS Research Labora- 
tory, and that the apparatus or method which most nearly causes at- 
mospheric air to meet this ventilation perfection or ideal is the most 
satisfactory. 


The New York State Ventilation Commission has made a very exhaustive 
report covering its work of several years on the requirements for ideal atmospheric 
conditions. This report is, of course, a voluminous document and cannot be con- 
sidered at great length here. It is shown, however, that people work much less 
effectively in a hot humid room than in a relatively cool and dry atmosphere; that 
they accomplish 28 per cent less physical work in a temperature of 86 deg. fahr. 
with 80 per cent relative humidity than in a room of 68 deg. fahr. with 50 per cent 
relative humidity. Their tests establish the fact beyond question that high 
temperatures, particularly when combined with high humidity reduce the capacity 
for physical work. On the other hand, the interesting fact is disclosed that purely 
mental work is only slightly affected by a rise in temperature from 68 deg. to 75 deg. 
The Commission found that a marked influence was exerted by stale air upon the 
appetite for food, and that, under fresh air conditions, the amount of additional 
food consumed ran from 4'/2 per cent to 13°/, per cent in the various tests made. 
The amount of air required varies from 20 to 30 cu. ft. per minute per person. 


It is highly essential to have air movement, as stagnant air is depressing and 
variable temperatures, as in the open air, seem to be also desirable, that is, the 
movement of different temperatures past the body seem to give the best feeling of 
relief and comfort. Such movement of air is provided automatically in most 
homes during a high wind, for it is found that badly fitting windows provide change 
of air in a home from two to four times per hour, in other words, there is a complete 
air change every 15 to 30 min. Windows that fit properly reduce the amount of 
air leakage 50 per cent, and such windows properly weatherstripped in metal 
make a further 50 per cent reduction. 


The amount of ventilation in various classes of buildings varies, as, for instance, 
in hotel laundries it is necessary to have a change of air about every 3 min., and in 
hotel kitchens every 4 min. for supply, and essential to remove the air about 
every 3 min., whereas in boiler rooms it is necessary to make an air change about 
every 3 min., with an exhaust about every 4 min. 
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Any room or building used for the habitation or congregation of human beings 
should be provided with a plentiful supply of fresh air. Strictly speaking, good 
ventilation is merely a relative term, and the standards as ordinarily accepted are a 
compromise that will answer the purpose of keeping the air in a building in a 
fairly fresh condition. The requirements of ventilation are; First, to maintain cer- 
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tain standards of purity of the air within the room or building; Second, to remove 
and prevent odors; Third, to remove the body heat of the occupants and the heat 
from such other sources as illumination and power; and Fourth, to prevent excessive 
rise in humidity which usually accompanies the rise in temperature from bodily heat. 

Many of the existing standards of ventilation have been founded on the belief 
that carbon dioxide was the dangerous element in expired air. The requirements of 
ventilation in air purity are more or less arbitrary, and no rational standard has 
ever been fixed. Later investigations would indicate that carbon dioxide is harm- 
less, and interesting only as indicating how much respiration the air has undergone. 
In this way, it serves as a test of the contamination of the air by organic impuri- 
ties from the lungs and bodies of the occupants. These organic poisons are little 
understood, although they undoubtedly constitute the real danger in impure air. 
The standard of purity which has usually been considered satisfactory is from six to 
eight parts of carbon dioxide in 10,000 parts of air, but it is certain that ten times this 
amount would not be injurious if provision were made for the removal of organic im- 
purities. In all probability the best indication of good ventilation insofar as purity 
is concerned is freedom from objectionable odors. 


It is estimated that the average adult, at rest or doing light work, will breathe 
approximately 0.25 cu. ft. of air and exhale 0.01 cy. ft. of CO. per minute (0.6 cu. 
ft. per hour), and that only about 5 per cent or less of the oxygen is taken out of a 
breath of air. The air of poorly ventilated rooms will show a slight diminution 
in the oxygen, accompanied by a corresponding increase in carbon dioxide, organic 
pollution, and moisture. The poisons in the air due to the presence of too many 
persons relative to the supply induce a lowering of the vital processes, and a loss of 
muscular strength. 


Ordinary outdoor air will contain on an average about four parts of CO, in 
10,000 parts of air and good ventilation is ordinarily considered to exist in a room 
where the air contains not more than from six to eight parts of CO. in the same 
amount of air. That is, if a great amount of CO, exists in the air, it is considered 
as having been inhaled too much and unfit for further respiration. The following 
table gives the amount of air required per hour by the average person, exhaling 
0.6 cu. ft. of CO, per hour, if it is desired to maintain the corresponding number of 
parts of CO, in the air with outdoor air containing four parts of CO, per 10,000 
parts of air. 

Parts of CO, in 10,000 parts of air: 


Increase above Cu. Ft. Air per Hr. 
Outdoor Air Total per Person 
1 5 6000 
2 6 3000 
3 7 2000 
4 8 1500 
5 9 1200 
6 10 1000 


It is ordinarily the custom to allow for average conditions 1800 cu. ft. of air per 
hr. per person, and this is the factor commonly used for school ventilation. But 
there are many cases in which the amount of air allowed is varied to suit the cir- 
cumstances, a few of which are given in the accompanying table. 

In rooms where the glass and wall exposure is considerable, ventilation for the 
removal of body heat need not be considered, except where the building is arti- 
ficially cooled. In crowded audience halls, however, and even in school rooms it 
is the determining factor. Each adult occupant gives off an average of 400 B.t.u. 
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per hour, of which approximately 150 B.t.u. may be assumed to be latent heat of 
evaporation, while not more than 250 B.t.u. will be sensible heat given off by the 
breath, and by convection to the surrounding air. On this basis if each occupant 
is supplied with 30 cu. ft. of air per min. or 1800 cu. ft. per hr. there will be a rise of 
approximately 8 deg. above the temperature at which the air is introduced into the 


Arr ALLOWED PER PERSON Cu. FT. PER Hr. 


Hospitals (ordinary)....... 2100 to 2400 MNS S66 ei ag 4.63 6.00 5% 1200 to 1800 
Hospitals (epidemic)....... 4800 Biesting Balle... ... ....c00. 1200 
WEE GB, oc cccvccccces 1500 Schools (per child)......... 1800 
DN cc. dine ks ebodenes 1800 Schools (per adult)........ 2400 


room, so that in order to maintain about 70 deg. in the room, the air would have to 
be reduced to 62 deg. There is evidently a limit to the difference of temperature 
allowable between incoming air and room temperature, which depends largely on 
the size and arrangement of inlet openings as effecting the production of cold drafts. 
The practical limit is found, in standard methods of ventilation, to be between 
25 and 50 cu. ft. per min. per adult occupant. This, as may be noted, also gives a 
very satisfactory standard of purity. 

While 1800 cu. ft. of air per hr. or 30 cu. ft. per min. (expressed as 30 A.P.M.), 
when used as a standard for oyerhead ventilation, is, in the average case, amply 
sufficient to take care of the heat and moisture from the body, when the air is sup- 
plied through many small openings distributed about the room, a smaller quantity 
of air may often be supplied. Several different systems of this character have been 
used, such as introducing the air under the seats in a theatre, or through a small 
opening at each desk in a school. By this means a more uniform distribution of 
the air is obtained than is possible with the over-head system, with greater assur- 
ance that each occupant of the room will receive the desired amount of fresh air. 

Each cu. ft. of gas requires 8'/2 cu. ft. of air. 

Each Ib. of oil requires 150 cu. ft. of air. 

One cu. ft. of gas gives off approximately 600 B.t.u. per hr. 

The effect of hearty diet containing hydrocarbons is to make it pemihle to live 
comfortably under much lower temperatures. One of the causes of inability to eat 
hearty food lies in the fact that the average home or place of assembly is so heated 
that the heat content of such food cannot be disposed of as the heat must be dis- 
placed from the body into a low enough temperature, and this explains why people 
living in northern climates without such a temperature differential as is generally 
maintained in homes can partake of foods rich in fats and maintain their health 
at the same time. 

The effect of clothing is another important factor in the necessity for higher 
temperatures during the winter season, as the amount of clothing is reduced, the 
temperature requirements for comfort are necessarily higher, and there has been a 
gradual ascension of indoor temperature until now it is quite common for indoor 
temperatures in places of assembly, homes, and hotels to rise to a point of between 
70 deg. and 80 deg. even when the external temperature is zero. It would be much 
healthier if there could be maintained a lesser differential in the winter time be- 
tween the outdoor and the indoor temperature, and an adjustment made in modi- 
fying clothing and the diet. 

Pure water is the chemical combination of H.O formed by the union of 2 volumes 
of hydrogen with 1 vol. of oxygen gas. It expands heated to 39.2 deg. fahr., which 
is the maximum density, when raised to any higher temperature, but contracts 
heated from 32 to 39.2 deg. fahr., and boils at 212 deg. fahr. The specific heat of 
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water or the number of B.t.u. required to raise the temperature of 1 lb. of water 1 deg. 
varies slightly with the different temperatures. 

Pure dry air is a mechanical mixture of oxygen and nitrogen, that is, the oxygen 
and nitrogen can be separated from each other by purely physical means. It also 
contains other constituents such as carbon dioxide, ozone, water vapor, dust, and 
bacteria. The specific density, or weight per cubic foot of dry air, decreases with 
the temperature, and the specific volume, or volume per pound, increases with the 
temperature. The specific heat of air at constant pressure, or the B.t.1:. to raise 
1 lb. 1 deg. varies from 0.2375 to 0.2430, and the value of 0.24 is recommended for 
general calculations. 


Humidity is the water vapor mixed with the air. Saturated air is said to be 
saturated when it has mixed with it the maximum possible amount of vapor. 
The actual humidity of the air is taken as the number of grains (1 lb. = 7000 grains) 
or pounds of water vapor contained by 1 cu. ft. of a mixture of air and vapor, and 
the relative humidity is the percentage of saturation. At each different tempera- 
ture, air will contain at the saturation point, varying amounts of moisture. 


The dew point temperature corresponds to saturation, or 100 per cent relative 
humidity, and whenever the temperature of saturated air is lowered precipitation 
takes place to a point of saturation of the lowered temperature. 


For many years attempts have been made to install what are known as closed 
systems of ventilation, that means to have the buildings entirely enclosed and per- 
mitting only such openings in the building as are necessary for ingress and egress, 
but there is a psychology to be satisfied, especially in educational institutions, 
‘ which shows itself in the desire for the open window, and this is particularly true 
when the temperatures become excessive, and regulation of temperature and hu- 
midity are important. It may be called a rebellion against being choked by too 
much heat and a desire for te refreshing effect of mixed temperature and air move- 
ment, such as one gets from the outside atmospheric condition. Open window 
ventilation, however, is not altogether satisfactory, and, if indulged in without 
great care, will be productive of evil results. 

Heating systems in common, outside of the family stove, consist of warm-air 
furnaces, steam heating and hot-water plants, and forced air circulation. Many of 
these systems may be sub-divided, as for instance, in steam heating plants there are 
what is known as gravity heating, both single and two pipe systems, vapor-heating 
and vacuum systems. Hot water systems are usually composed of a two pipe 
system, that is, a supply and return. 

As to the desirability of the various systems for any particular case, many factors 
will have to be taken into consideration, such as the element of first cost, economy 
of fuel, and cost of operation. 

The heating requirements for buildings shall be such as to take care of infiltra- 
tion, that is, air movement into a building and heat leaving the building by means 
of air movement; radiation, which is the radiating heat given by the building to 
the external temperature; and the heating of the necessary amount of air for ven- 
tilation where such is provided. 

The amount of infiltration will depend upon the nature and tightness of the 
building construction, the number of feet of window and door cracks, and the 
presence of open fireplaces and vent registers, and the air admitted by opening and 
closing of doors, and other openings. This loss can be materially reduced by the 
use of storm doors and windows, metal weatherstrips on doors and windows and, 
in frame construction, by a closely fitting tongue and groove siding covered with 
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heavy building paper. It is not generally known that there is a considerable loss 
by leakage through brick walls, and that there is a greater loss through hollow tile, 

The effect of high wind velocity in the heating of buildings is very marked, and 
it has been estimated that it is as difficult to heat an exposed room at 20 deg. above 
zero with a 35 mile wind blowing, as it would be to heat the same room at 20 deg. 
below zero with no wind blowing. Fortunately, strong winds very seldom prevail 
at temperatures below 15 deg. above zero. 

The computation of the amount of radiation required for a building is compara- 
tively simple as each of the elements of building construction have been found to 
radiate varying amounts of heat, and the problem for the engineer is to take the 
area of the wall, windows, doors, in fact all external exposure, including roof, and 
multiply such area by the various factors which have been determined, then add to 
this amount, the heating requirements for the ventilation and infiltration, thus 
obtaining the total amount of heat in thermal units per hour which will have to be 
supplied by the heating system. Generally speaking, it may be said that this total 
number of thermal units, when divided by 250 will give the number of square 
feet of steam heating surface required, but modifications of this figure of 250 will 
have to be made depending upon the type of radiation selected, whether single, 
1-, 2- or 3-column, and the kind and length of the radiators, all of which have a 
bearing on the number of thermal units given off per square foot of radiation. 

The effect of metallic paint, such as aluminum or gold bronze, upon radiation has 
been the subject of investigation, and it has been discovered that for a given radiator 
the number of thermal units given off per sq. ft. of bare cast iron is 240, and the same 
radiator painted with aluminum bronze would only give off 200 thermal units, and 
if then painted with white enamel would give off 242 units, and if painted again with 
bronze aluminum would bring it down to 200, and painted again in gold bronze 
would raise it to 205. 

The catalog rating of furnaces, boilers and radiation have to be scrutinized very 
carefully, as in the hands of the uninitiated, these ratings will be misleading. Most 
of the rating for boilers should be greatly reduced to take care of operating condi- 
tions for the radiation required, and for the steam piping which is noi ‘acluded in 
the catalog ratings, and also to take care of the operating conditions of the boiler 
which is not always kept clean. Generally speaking, it will be necessary to secure 
a boiler in capacity 100 per cent greater than the number of square feet of radiation, 
It is much better to buy boilers on the B.t.u. basis than the sq. ft. of radiation 
basis. As a matter of fact, ultimately, radiation will be sold not upon a square 
foot basis, but on the basis of the number of units of heat given off by the radiation. 

It is highly essential that greater control of temperatures be obtained in connec- 
tion with heating plants. This control may be secured at the boiler to a limited 
extent in the case of steam heating and hot water systems by controlling the draft 
and consequently the pressure or temperature, but much remains to be done in the 
way of controlling temperature at the radiators, although we have some excel- 
lent systems of thermostatic control operating to shut off the steam when a pre- 
determined temperature has been attained in the room. 

While much has been accomplished in the improvement of heating and ventilat- 
ing apparatus and practice during the past few years, there is room for much re- 
search on vital problems and the program now before the Laboratory of the Society 
presents possibilities for tremendous discoveries in this field of investigation. 
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William J. Baldwin 


The death of William J. Baldwin, Brooklyn, N. Y., brought to a sudden close 
the life of a man well known in the engineering field and an honorary member of 
the Society. His death came very unexpectedly on May 7 and was learned 
with sincere regret by all who were privileged to know him. 

A native of Ireland, in which country he was born June 14, 1844, Mr. Baldwin 
spent the major part of his life in this country where he received his engineering 
education and training. He met with unusual success in his profession, and at the 
end of more than 79 years he had a very notable reputation as a result of his various 
successful undertakings. 

As a naval constructor he did a great deal for the United States Government 
during the Civil War, and later the Brazilian Government employed him in the 
construction of naval vessels for that country. He was also one of the pioneer 
constructors in the engineering industry during the early period of New York’s 
high building development, and one of the earliest evidences of his work in this 
particular endeavor is The Tribune Building in Park Row. Also as a consulting 
and designing engineer, he constructed the War College in Washington, D. C., 
and the Immigration Station in‘New York City, along with other Federal build- 
ings He also supervised the laying of the first telephone cable from New York 
to Brooklyn for the New York Telephone Co. 

Mr. Baldwin was elected an honorary member of the AMERICAN SOCIETY OF 
HEATING AND VENTILATING ENGINEERS at the Annval Meeting, 1915. 

He was also a life member of the American Instituie of Architects, and had been 
a member of the American Society of Mechanical Enyineers since 1883, a member 
of the American Society of Civil Engineers since 1884, and was a Telephone Pioneer 
of America, and a member of the Committee of the A.S.M.E. in 1886 when the 
Briggs Standard for Pipes and Pipe Threads was recommended and adopted as 
the United States Standard, since known as the American Standard. 


Mr. Baldwin was also a member of an international commission which attempted 
to produce an acceptable International Standard for Pipe Threads from 1906 
to 1914 when the World War interrupted the work temporarily. 


For some time Mr. Balwin served as Consulting Professor of Thermal Engineer- 
ing at the Polytechnic Institute of Brooklyn, Brooklyn, N. Y., and in addition he was 
connected with The Engineering Record as its associate editor. 


Not only was he editor but also author. He wrote and published a number of 
books on heating and ventilation which are widely used. Baldwin on Heating, 
Thermus Papers, Hot Water Heating and Fitting, Data for Heating and Ventilation, 
An Outline of Ventilation and Warming, The Ventilation of the Schoolroom are among 
his best known writings in the the heating and ventilation fields. 

He was also a contributor to the JouRNAL and several of his papers were reprinted 
for distribution in pamplet form. ‘An Improvement in Ventilating Apparatus”’ 
and “Factory Heating from Fuel-Saving Angle’’ which he wrote in collaboration 
with R. C. Taggart are well-known among the latter. 

Mr. Baldwin is survived by his wife and six children; three sons, William J., 
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Jr., John R., and Thomas B. Baldwin, and three daughters, Mrs. Anna Harrington, 
Mrs. Rose Crosby, and Mrs. Josephine Mayer. 


Mr. Baldwin’s death was mourned not only by his immediate friends and relatives, 
but by a host of persons who have had contact with and associated with him in 
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the engineering world. All feel that the engineering profession has suffered 
an irreparable loss. The Society feels deeply the loss of its distinguished honorary 
member. 


Frank K. Chew 


The Society suffered the loss of one of its oldest and most active members in 
the death of Frank K. Chew, March 8, 1924. He was a pioneer in the heating 
and ventilating industry in which he spent more than 40 years of an active business 
life. 

Earnestly devoted to the industry which he had made his business, he had 
watched with keen interest the steady advances in the heating, ventilating, and 
plumbing fields and had eagerly furthered any new steps and improvements. He 
gave the energy of his vigorous personality to the best interests of the trades he fol- 
lowed, and has left the imprint of his vitality and force upon the records of their 
progress. A legion of friends in all parts of the country will recall his unselfish 
and tireless service to his calling. 

Mr. Chew was born in Salem, N. J., February 2, 1858. He first started in the 
heating and ventilating industry as a mechanic in a heating, plumbing and sheet 
metal shop in New Jersey. From this he went to the Abram Cox Stove Co. where 
he served for ten years as a salesman. 

He then made a radical change in his line of work, going to Philadelphia to 
start in the field of trade journalism. He opened his editorial career with the Metal 
Worker, beginning their thirty years of service with trade publications. From 
Philadelphia he went to New York on the editorial staff on the Metal Worker, 
Plumber, and Steam Fitter. 

In 1920, the Edwin A. Scott Publishing Co. was organized and the Metal Worker, 
Plumber and Steam Fitter was amalgamated with Sheet Metal. The two publi- 
cations were subsequently reorganized as Sheet Metal Worker and Sanitary and 
Heating Engineering. Mr. Chew then became vice-president and a director in 
the publishing company and shared with Edwin A. Scott the editorial duties of 
Sheet Metal Worker. This position he continued to fill until the illness which re- 
sulted in his death set in. 

Mr. Chew became a member of the American Soctety oF HEATING AND VENTI- 
LATING ENGINEERS in 1895. From the first he took an active part in the affairs 
of the Society. For three successive years, 1906-1908, he was elected a member 
of the Board of Governors and served on many committees. He was keenly inter- 
ested in Chapter activities and was president of the New York Chapter in 1919. 

He was an honorary member of the National Warm Air Heating and Ventilat- 
ing Association, and the National Association of Sheet Metal Contractors, and a 
member of the American Society of Sanitary Engineering. 

Not only was he a member of engineering and trade organizations, but he also 
belonged to several clubs and fraternal orders including the Eastern Trade Golf 
Association, the Newark Athletic Club, and the Knights Templar of the A. F. 
& A.M. 

Mr. Chew is survived by an only son. 

Members of the Society will miss his ready wit, his spectacular and quaintly 
original expressions and above all his wise counsel and loyal devotion in the work 
for the advancement of the profession and will mourn his loss as a loyal member 
and true friend of the organization. 
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John D. Cassell at the annual meeting held in January 1924 spoke of the illness 
of Mr. Chew whose genial and forceful personality was missing from the meeting. 
He offered the following resolution which was unanimously carried: 

Resolved, that the AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 
in Annual Meeting assembled hereby extend their sincere sympathy in his present 
affliction and hope for his speedy recovery; and that a copy of this Resolution 
be forwarded to Frank K. Chew. 

President Addams in his opening address at the Semi-Annual Meeting paid trib- 
ute to Mr. Chew in the following words: 

“The Society has felt the loss of Frank K. Chew whose untiring efforts and 
interest in the Society has been constant since 1895.” 
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